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THE year 1904 has been notably prolific in determinations of 
atomic weight, and the new data with regard to rubidium, glu- 
cinum, indium and tungsten are of more than ordinary value. 
Most significant, however, is the work upon nitrogen and iodine, 
which tends to strengthen the growing impression that the more 

fundamental atomic weights need to be carefully revised. 

Richards and Wells, in an oral communication before the Amer- 
ican Chemical Society and the American Association for the Ad- 
vancement of Science, have shown that the accepted values for 
sodium and chlorine are inexact, but the details of their research 
are as yet unpublished. Iodine has been corrected to the extent 
of a tenth of a unit, and the value 14.04 for nitrogen is seriously 
questioned. If we regard the hydrogen-oxygen ratios as fixed, 
the atomic weights which need immediate attention are those 
of silver, sodium, potassium, chlorine, bromine, iodine, nitrogen, 
carbon and sulphur. These in great measure, but not abso- 
lutely, hinge upon the value assigned to silver, and that, in turn, 
depends upon analyses of chlorates, bromates and iodates. The 
atomic weight of silver, therefore, should be carefully scrutin- 
ized. Some of the desired revision is already under way, in the 
hands of well-known investigators, but a large amount of exact 
work still remains to be done. A summary of the determina- 
tions published in 1904 is presented in the following pages. 
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HYDROGEN, OXYGEN, CARBON AND SULPHUR. 

The new data relative to the atomic weights of these elements 
consist of determinations of gaseous densities, or of calculations 
based upon former measurements. Lord Rayleigh,’ for exam- 
ple, has studied the compressibility of oxygen, hydrogen, 
nitrogen and carbonic oxide, and compared their densities 
at atmospheric pressure and under conditions of great rarefac- 
tion. In the latter case the best agreement with Avogadro's 
law is to be expected. Leaving nitrogen to be considered sepa- 
rately, the following values are given for the densities of H 
and CO, as compared with O=16. 

Atmospheric pressure. Very small pressure 
1.0085 
14.003 

From the last figure given, the atomic wéight of carbon be- 
comes 12.006. At low pressures, if H=1, O=15.860. 

Guye and Mallet? have recalculated Morley’s data for the den- 
sities of hydrogen and oxygen, and find the ratio to be 
1 :15.8787. Ina later paper Guye* computes the atomic weights 
of H and O from Morley’s figures, and those of N and C from 
Rayleigh’s work on N and CO. When O=16, H=1.00765 and 
C=12.003. Jaquerod and Pintza‘ find the weight of 1 liter 
of oxygen at .o°, 760 mm., and at sea-level in latitude 45° to be 
1.4292 grams. This figure is the mean of five determinations. 
From the density of sulphur dioxide at different pressures they 
compute S=32.01, when O= 16. 

NITROGEN. 

Lord Rayleigh, in the paper previously cited, finds the den- 
sity of N at atmospheric pressure to be 14.003, and at very low 
pressures 14.009. Guye’s calculations lead to the figure 14.004. 

Guye and Bogdan® have redetermined the atomic weight of 
nitrogen by an entirely new method. A fine spiral of iron wire 
was burned in an atmosphere of nitrous oxide, the gas and iron 
both having been weighed. The iron oxide thus produced was 
also weighed, and from these data the atomic weight in ques- 
tion was calculated. The results were as follows when O=16. 


1 Proc. Roy. Soc., 73, 153; Chem. News, 89, 86. 
2 Compt. Rend., 138, 1034. 

3 Jbid., 138, 1213. 

4 Jbid., 139, 129. 

5 Jbid., 138, 1494. 
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Weight, NO. Weight O. Atomic weight N. 
1.1670 0.4242 14.009 
0.9498 0.3453 14.005 
0.8652 0.3145 14.008 
1.2247 0.4455 13.992 
1.4202 0.5159 14.023 

Mean, 14.007 


In what was evidently a continuation of the foregoing research, 
Jaquerod and Bogdan’ studied nitrous oxide volumetrically. 
Iron wire was burned in the gas, and from the change in volume, 
by a method which is not explained in detail, they found N= 
14.019. Still more recently Guye and Pintza? have redeter- 
mined the density of nitrous oxide. The weight of 1 liter, under 
normal conditions, was found to be as follows: 

1.97789 
1.97774 
1.97803 


Mean, 1.97788 


On the supposition that carbon dioxide is comparable with 
nitrous oxide, that is, that the two gases are in corresponding 


states, the authors arrive at the atomic weight of nitrogen. The 
weight of CO,, as the mean of Leduc’s and Rayleigh’s measure- 
ments, is 1.97693. Hence, 1.97693 : 1.97788 :: 44.005 : x, = 
44.026, and N=14.013. 

Although the new determinations of the atomic weight of ni- 
trogen are by no means final and unimpeachable, they are re- 
markably concordant, and lead to the suspicion that the com- 
monly accepted value, 14.04, is too high. Richards,* from a 
careful criticism of all former determinations, concluded that 
the true figure was not lower than 14.02, nor above 14.04, but 
this new work was not included in his discussion. Still lower 
values were obtained by Miss Aston from analyses of lithium, 
sodium, potassium, strontium, barium and silver trinitrides, 
and ranged from 13.86 to 13.96, or 13.903 as the mean of eighteen 
determinations. This work, cited by Ramsay,‘ at whose sug- 
gestion it was done, has not been published in detail, and cannot, 
therefore, be intelligently discussed. Ramsay, however, does 

1 Compt. Rend., 139) 49. 


2 [bid., 139, 677. 
8 Proc. Am. Phil. Soc., 43, 116. 


* Gesellschaft deutscher Naturforscher und Aerzte, meeting of 1903. 
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not regard the results as conclusive. Evidently, the atomic 
weight of nitrogen needs to be thoroughly reinvestigated. 
IODINE. 


Two important researches upon the atomic weight of iodine 
have appeared during the year. That of Baxter’ was the first 
one to be published in complete form, although it was preceded 
by a preliminary notice of the other investigation. 

Baxter employed several methods of determination in which 
all the material used was scrupulously purified and all weights 
were reduced to a vacuum. Calculations were based upon O= 
16, Ag=107.93, and Cl=35.467. The last value was recently 
announced by Richards and Wells, but the details which estab- 
lish it are as yet unpublished. First, silver was converted into 
silver iodide. The metal was dissolved in nitric acid, and pre- 
cipitated by ammonium iodide in presence of an excess of am- 
monia. Two series of determinations were made, with the re- 
sults given below: 

PRELIMINARY SERIES. 
Weight Ag. Weight AgI. Atomic weight I. 
523523 11.38531 126.970 
3.57939 7.77033 126.961 
4.60798 10.02804 126.951 
4.52467 9.84822 126.986 
4.66256 10.14591 126.930 


Mean, 126.960 
FINAL, SERIES. 

Weight Ag. Weight AgI. Atomic weight I. 
4.77244 10. 38698 126.975 
4.82882 10. 50981 126.977 
4.04262 8.79755 126.947 
1.64711 3.58515 126.994 
4.86054 10.57318 126.972 
4.83482 10.52241 126.967 
4.97120 10.8:800 126.940 
3.53858 7.70136 126.969 

8.48187 126.985 
11.60111 126.973 
11.07259 126.973 


Mean, 126.970 


The seventh determination in the final series is rejected by 
Baxter, the mean value then becoming 126.973. 


1 Proc. Am, Acad., 40, 419; also this Journal, 26, 1577. 
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In the next series of experiments the ratio of silver to iodine 
was determined directly. Weighed quantities of iodine were 
converted into hydriodic acid by solution in sulphurous acid, 
then neutralized with ammonia, and titrated with a known 


amount of silver. 
Weight Ag. Weight I. Atomic weight I. 
5.54444 6.52288 126.977 
6.27838 7.38647 126.979 
4.57992 5.39814 126.976 


Mean, 126.977 


Finally, the ratio of silver chloride to silver iodide was deter- 
mined, by heating the latter, in quartz crucibles, in a current of 
chlorine. In two experiments the iodide was first transformed 
into bromide and then heated in chlorine. The data are as 
follows: 

Weight AglI. Weight AgCl Atomic weight I. 
9.26860 5.65787 126.980 
6.72061 4.10258 126.975 
11.31825 6.90910 126.978 
10,07029 -7475 126.970 
13.65457 . 3: 126.975 
17.35528 ; 126.974 


Mean, 126.975 


The mean of all three ratios is I=126.975, a confirmation of 
the conclusions previously reached by Ladenburg. A continu- 
ation of the research is promised. 

The work done by Koethner and Aeuer’ upon the atomic 
weight of iodine is rather complex, and not easy to summarize. 
They first attempted to measure the ratio AgI : AgCl, and were 
surprised at obtaining values even lower than those found by 
Stas. This result was finally explained by the discovery that 
silver iodide, precipitated from a nitrate solution, carried with 
it inclusions of silver nitrate, which, however, together with 
silver chloride, was removable by long digestion with ammonia. 
The silver chloride produced from the iodide was found to vol- 
atilize to a small extent, and it was necessary to collect and 
estimate these traces. Finally, with iodide of silver from several 
sources, the following determinations were made, the weights 


1 Ann. Chem.(Liebig), 337» 124; Supplementary paper, p. 362; Preliminary notice, Ber. 
d, chem. Ges., 37, 2536. ° 
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being reduced to a vacuum. The calculations, for H=1, were 
based upon Ag=107.12 (107.93) and Cl=35.18 (35.45). 


Weight AgI. Weight AgCl. Atomic weight I. 
24.88066 15.18917 125.982 
10.24699 6.25565 125.980 
12.57020 7.67391 125.981 

9.62006 5.87286 125.982 
12.26770 7.48902 125.988 
22.60660 13.80058 125.988 
20.98601 12.81162 125.981 
22.47667 13.72122 125.988 





Mean, 125.984 
For O = 16, 126.936 

In their supplementary paper, which was called forth by 
Baxter’s research, the authors apply the new Richards and 
Wells value for chlorine to this mean value, which then becomes 
I=126.964, in closer agreement with Baxter’s determinations, 

Koethner and Aeuer also made two syntheses of silver iodide 
by different methods. First, hydriodic acid was prepared from 
ethyl iodide, and used as the source of iodine. 34.51789 grams 
Ag gave 75.12752 AgI. Hence I=126.026, for H=1, or 126.978 
when O=16. In the second experiment iodine was purified by 
Stas’ method, and the silver was burned in a stream of iodine 
vapor. 11.37544 grams Ag gave 24.75691 AglI. Hence I= 
126.011, for H=1, or 126.963 when O= 16. The last value they 
regard as the most probable. In their latest paper they also 
give one more measurement of the ratio AgI : AgCl. 25.18868 
grams AgI gave 15.37678 AgCl. Hence I=126.008 (H=1), or 
126.968 (O= 16). 

Finally, Koethner and Aeuer recalculate their determinations 
of the AgI : AgCl ratios and also Ladenburg’s, with the data 
used by Baxter for his vacuum corrections. 


H=1. O = 16. 
Koethner and Aeuer............ 126.004 126.964 
BARLOR pvcccccincscvacesetwnneociessens 126.015 126.975 
TGAMOH DUNG 5256 .ccceetcdevconsoasees 126.028 126.988 


From the mean of all the forty-one determinations made by 
Ladenburg, Scott, Baxter, and themselves they find I=126.o010 
(H=1), and 126.970 (O=16). 

RUBIDIUM. 
The determinations by Archibald! of the atomic weight of 
1 J. Chem. Soc., 85, 776. 
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rubidium follow the lines of the investigation upon caesium, 
which was published a year ago by Richards and Archibald. 


The chloride and bromide were the compounds analyzed. 


From 


the chloride the following data were obtained, with all weights 


reduced to a vacuum and O=16. 





Weights. 

RbCl, AgCl. Ag. 
1.99966 — 2.37070 1.78454 
2.06480 2.44778 1.84241 
2.29368 2.71960 2.04710 
1.09495 1.29796 0.97702 
2.14351 2.54118 1.91316 
2.89700 2.43475 2.58550 
2.19692 2.60452 1.96076 
2.14543 2.54386 1.91462 
2.12164 2.51557 1.89346 
2.25777 2.67685 2.01515 
2.18057 2.58528 1.94594 
2.32699 2.75878 2.07668 
4.00035 4.74233 3.56998 
2.43440 2.88613 2.17233 


Atomic weight Rb. 





RbCl: AgCl. 
85.489 
85.496 
85-475 
85.502 
55-507 
85.482 
85.491 
85.473 
85.477 
85.452 
85.484 
85.488 
85.495 
85.488 


Mean, 85.488 


RbCI : Ag. 
85.485 
55.50 
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Archibald divides the foregoing determinations into four series, 


representing different samples of material, a procedure which 


need not be followed in an abstract like this. 
periments the ratio between 


100 5 75.274. 


The bromide analyses were 


Stas found 75.276. 


Weights. 





RbBr. 
2.68170 
2.07280 
2.10086 
2.61044 
3.84082 
3-77852 
4.34299 


The final mean adopted by 


AgBr. 
3-04575 
2.35401 
.38589 
2.96462 
4.36215 
4.29084 
4.93210 


N 


tions is Rb=85.485. 


Ag. 

74930 
-35230 
37061 
70300 
«50590 
46502 
.83340 


oa 


NY NN HS Hw 


as follows: 


From all of the ex- 
silver and silver chloride becomes 


Atomic weight Rb. 





RbBr 





: AgBr. RbBr : Ag. 
85.471 85.502 
85.486 85.479 
85.485 85.478 
85.484 85.486 
85.475 85.471 
85.499 85.488 
85.488 85.477 
Mean, 85.484 85.483 


Archibald for all of the determina- 


From the weights of silver and silver 


bromide the percentage of metal in the latter substance is 57.445, 
a value identical with that found by Stas. 
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GLUCINUM. 

The redetermination by Parsons! of the atomic weight of glu- 
cinum is notable both for its thoroughness and for its novelty. 
After a careful investigation of the halide salts of glucinum and 
of the sulphate, which were found to be unsuitable for exact work, 
two new methods of determination were adopted. In one series 
the acetylacetonate, Gl(C;H,O,)., purified by repeated sublima- 
tions, was reduced by ignition to oxide. In the other series the 
volatile basic acetate, G1,O(C,H,O,),, was similarly treated. All 
weights were reduced to a vacuum, and the oxide obtained was 
also examined and corrected for occluded gases. The final fig- 
ures for the two series are given below, with reduction based 
upon O=16. 

Weight acetylacetonate. Weight oxide. Atomic weight Gl. 

2.62245 0.31798 9.142 

.28037 0.39757 9.129 
.08993 0.25286 9.081 
0.29233 9.105 

0.19554 9.127 

0.16905 9.083 

0.22419 9.122 


Mean, 9.113 
Weight basic acetate. Weight oxide. Atomic weight Gl. 

1.89291 0.46788 9.139 
1.47931 0.36534 g.111 
0.26911 9.097 

0.33493 9.105 

0.38715 9.106 

0.33204 9.106 

0.64630 9.137 

0.66109 9.107 

0.76930 9.107 


Mean, 9.113 


Tanatar’ has endeavored to show that glucinum is a tetrad ele- 
ment, with an atomic weight double that which it is commonly 
assigned. The specific heat of the metal at low temperatures 
accords best with this view. The suggestion, however, does not 
seem to be entitled to much weight. Very recently Pollok’ has 
brought forward evidence indicating that ordinary glucinum con- 


! This Journal, 26, 721. 
2 J. Chem. Soc., 86, ii, abst., 335; From Jour. Russ. Chem. Soc., 36, 82. 
3 J. Chem. Soc., 8§, 1630. 
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tains an admixture of an oxide of higher molecular weight. Frac- 
tional distillation of the chloride gave portions much more vol- 
atile and of higher molecular weight than the ordinary compound, 
and spectroscopic differences were also noted. If this research 
should be confirmed, the atomic weight of the true glucinum 
would be lowered. 

ALUMINUM. 

The work of Kohn-Abrest,* at least so far as it has been pub- 
lished, adds little or nothing to our knowledge of the atomic 
weight of aluminum. A metal containing 98.68 per cent. of 
aluminum, with known impurities, was dissolved in hydrochloric 
acid, and the hydrogen evolved was burned over copper oxide. 
From the weight of water formed the atomic weight was calcu- 
lated, with O=15.88. The mean of seven experiments gave 
Al=27.05. Ina single experiment 0.3429 gram Al gave 0.6444 
gram Al,O,. Hence Al=27.09. Until more details of the work 
have been published, the value of these experiments must remain 
problematical. 

INDIUM. 

In Thiel’s research upon the atomic weight of indium,’ several 
methods of determination were investigated. The conversion 
of the metal, through its nitrate, into the oxide gave values rang- 
ing from 113.42 to 115.6, a variation due to unavoidable errors 


in the process. On the one hand, indium oxide is somewhat vol- 


atile, and on the other, it tends to occlude impurities, which 
are probably, for the most part, gaseous. It is also hygroscopic. 
Indium oxide, therefore, is at present an unsatisfactory compound 
to employ for measurements of this kind. 

With indium trichloride, better results were obtained. The 
following data represent vacuum weights, with all corrections 
applied. The calculations are based upon O=16. 

Weight InCl,. Weight AgCl. Atomic weight In. 
5.0194 9.7526 115.03 
4.7049 9.1401 115.07 
5-7067 11.0862 115.07 
5.4075 10.5055 110.06 

Mean, 115.05 

1 Compt. Rend., 139, 669. 

2 Ztschr. anorg. Chem., 40, 280. Preliminary notice, /d7d., 39, 119, and Ber. d. chem. 
Ges., 37, 175. 











186 F. W. CLARKE. 





























Incidentally, and as a check upon these determinations, two 
analyses were performed with potassium chloride. 


Weight KCl. Weight AgCl. Atomic weight K. 
7.4314 14.2903 39.11 
7.4321 14.2939 39.10 


With the tribromide a somewhat lower value for indium was 
found. The final, but uncorrected, data are subjoined. 








Weight InBrs. Weight AgBr. Atomic weight In, 
8.9040 14.1531 114.74 
8.2140 13.0512 114.88 
9.4016 14.9422 114.79 


Mean, 114.80 





The cause of the difference is unexplained, and further investi- 
gation is promised. Meanwhile, the value In=115 is the most 
probable. 

It should also be mentioned that Dennis and Geer have un- 
dertaken to determine the atomic weight of indium, and a pre- 
liminary notice by them on the purification of the metal has 
already appeared.! 

; TUNGSTEN. 

The determinations, by Smith and Exner,’ of the atomic 
weight of tungsten represent the culmination of ten years’ work 
in the laboratory of the University of Pennsylvania. Many 
methods of determination were examined, with many failures, 
and unforeseen difficulties in the purification of material had to 
be overcome. Finally, pure compounds of tungsten were ob- 
tained, and with them the new measurements were made. 

First, tungsten hexachloride was converted into trioxide by 
decomposition with water and ignition of the residue at a dull 
red heat. All weights were reduced to a vacuum, and the an- 
tecedent atomic weights were O=16 and Cl=35.45. Twenty- 
seven determinations were made, as follows: 


Weight WC],. Weight WOs. Atomic weight W. 
3.18167 1.86085 184.04 
2.66612 1.55903 183.94 
3.52632 2.06244 184.05 
E:S2037 0.88972 184.07 
1.22299 0.71523 184.00 
2.28445 1.33603 184.01 


1 This Journal, 26, 437; Ber. d. chem. Ges., 37, 961. 
2 Proc. Am. Phil. Soc., 43, 123. A condensation of the memoir was given in this 
Journal, 26, 1082. 
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Weight WCI,. 
3.25404 
3.37078 
7-76488 
2.08764 
2.80141 
3.24328 
4.97975 
3.04036 
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Weight WOs. 
1.90337 
1.97133 
4.54082 
1.22114 
1.63859 

.SQ68I 
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tN 


.91262 


~ 
i 

os) 
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rs) 
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¢ Oo 

OQ RW 
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-99805 
.04675 
.26145 
.98970 
87533 
-90909 
3.94031 
4.31643 


= = = NN 


Atomic weight W. 
184.10 
184.01 
183.98 
184.11 
184.09 
184.02 
184.06 
184.10 
184.10 
184.07 
184.06 
184.03 
184.02 
184.07 
184.06 
184.05 
184.03 
184.01 
154.09 
183.94 
184.14 


Mean, 184.04 
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Secondly, twenty-three determinations were based upon the 
conversion of metallic tungsten into trioxide, with the subjoined 


results: 
Weight W. 


_ 
on) 
so) 

on 

oO 
ie} 


~ 
w 
co 
on 
wn 
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29903 
.O1302 
18607 


Ny 


Ls) 


2.36755 
94958 
43502 
-37603 


58780 


NY KS 


tN 


-58503 


to 


.38298 


to 


.05578 


.60828 


3 


6.22621 


Ws 
3 


28444 
-99095 





Weight WO). 
83144 
.24619 
.06270 
-74665 
63774 


.53781 


No = = NO DH ND 


NO 


-75632 
-98478 
45781 
S9T4I 
99545 
26260 
25886 
OO441 
59169 
4.54915 
7.84949 
6.66239 


5.03135 


NO oN 


Now 


NW &® Ww 





Atomic weight W. 
183.96 
184.07 
183.98 
184.04 
184.09 
184.12 
184.01 
184.12 
184.12 
184.09 
IS4.11 
184.08 
IS4.14 
154.006 
184.13 
184.08 
184.11 
184.08 
184.12 
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Weight W. Weight WO3. Atomic weight W. 
184.00 
184.10 


.30166 


2.67709 2 184.01 
4.96735 : 184.13 


Mean, 184.07 


The mean value 184.05 probably approximates very closely 
to the atomic weight of tungsten. 
NEODYMIUM AND PRASEODYMIUM. 


Auer von Welsbach’s recent atomic weight determinations! 
for these two metals are given without weights or details as to 
the method employed. His figures, referred to O=16, are as 
follows: 

Pr. Nd. 
140.64 144.55 
140.50 144.52 
140.56 144.57 


Mean, [40.57 Mean, 144.54 
SAMARIUM. 

Urbain and Lacombe? have deduced the atomic weight of 
samarium from analyses of the sulphate Sm,(SO,),.8H,O. The 
material studied was derived partly from gadolinite, partly 
from earths obtained from monazite sand, and the absence of 
europium and gadolinium was rigorously proved. The data 


are subjoined: 
Weights. Atomic weight. 





=~ 





A. B. £. From From From 
Smo(SO,)3.8H20. Smo(SO4);. Sm.O3. A:B Be, NE 
1.0499 0.8435 0.4996 150.24 150.33 150.3! 
1.2898 1.0362 0.6137 150.19 150.30 150.28 
1.3650 1.0969 0.6497 150.58 150.34 150.39 
1.7992 1.4453 0.8557 150.04 150.16 150.13 
1.8636 1.4977 0.8873 150.71 150.44 150.50 
0.8407 0.6749 0.4001 149.08 150.72 150.35 
2.5107 2.0172 1.1948 150.30 150.34 150.33 
3.1171 2.5045 1.4840 150.36 150.50 150.47 
2.9425 2.3635 1.4004 149.91 150.49 150.36 





Means, 150.157. 150.402 150.347 


Two additional analyses gave the following figures: 


1 Sttzungsber. Akad. Wiss. Wien., 112, 1037. 
2 Compt. Rend., 138, 1166. 
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A. B. e. From From From 
SO4)3.8H2O. Smo(SO4)3. Sm.03. AE. Bic. Ae 
3.2200 2.5874 1.5324 150.37 150.33 150.34 
2.8382 2.2804 1.3508 150.35 150.37 150.37 

The value finally adopted for the atomic weight of samarium 
is 150.34, when O=16. The value taken for sulphur is not 
stated, nor is anything said concerning a reduction of the weights 
to a vacuum. 

A single determination of this atomic weight by Kappel is 
given by Muthmann and Weiss.' 4.1267 grams Sm,(SO,), gave 
2.45028 grams Sm,O,. Hence Sm=151.39. This figure is a 
unit higher than that found by Urbain and Lacombe. 

EUROPIUM. 

The atomic weight of europium has been determined by 
Urbain and Lacombe,? who analyzed the octohydrated sulphate. 
Their calculations are based on O=16, although it is not stated 
what value was assumed for S. Neither are we informed whether 
the weights were reduced toa vacuum. The data are as follows: 


Weights. Atomic weight 








A. B. Cc. From From From 

Suo(SO4)3.8H20. Eue(SO4)s. Eu,.O3. A :B. Bc. yal a 

1.7787 1.4303 0.8500 151.58 151.77 151.72 
2.4785 1.9935 1.1848 151.94 151.80 151.83 
2.4777 1.9449 1.1554 152.17 151.61 151.74 
2.4831 1.9968 1.1870 151.639 151.80 151.83 
2.2988 1.8488 1.0990 151.80 151.88 151.86 

Means, 151.826 I51.790 151.796 

The second of these means, representing the ratio 
Eu,(SO,), : Eu,O,, is assumed to be most nearly correct. 

GADOLINIUM. 

Two determinations of the atomic weight of gadolinium are 
given by Marc*. The usual method of synthesis of sulphate from 
oxide was employed. The figures given are: 

Weight Gd.O;. Weight Gdo(SO,)3. Atomic weight. 
0.2201 0.3666 156.30 
0.2444 0.4070 156.35 


These results agree closely with those reported by Bettendorf 
and Benedicks. 


1 Ann. Chem, (Liebig), 331, 16. 
2 Compt. Rend., 138, 627. 
> Zischr. anorg. Chem., 38, 128. 
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CAROLINIUM, BERZELIUM. 





THORIUM, 

Baskerville! has continued his investigations upon the com- 
plexity of ordinary thorium, and has separated the fractions by 
preparing and distilling the chlorides in quartz tubes. The non- 
volatile residue gave an oxide soluble in concentrated hydro- 
chloric acid, from which the chloride so produced was recrystal- 
lized several times. From this chloride the oxide was prepared, 
and atomic weight determinations were made by the sulphate 
method. The metal of the oxide was assumed to be a tetrad, 
and upon that basis the following results were obtained : 


Weight oxide. Weight sulphate. Atomic weight metal. 
1.559290 2.434914 255-5 
0.524254 0.819365 255-9 
0.549331 0.854810 255.6 


To this element the name carolinium is given. 
The volatile chloride obtained in the first part of the distilla- 
tion, converted into oxide, gave the subjoined values: 


Weight oxide. Weight sulphate. Atomic weight metal. 
0.306778 0.505705 213.5 
0.320618 0.530890 212.0 
0.794692 1.309245 rt ay | 


This series represents the element which Baskerville has named 


berzelium. 
Finally, the thorium, which had been freed in great measure 


from carolinium and berzelium, was also examined. 


Weight oxide. Weight sulphate. Atomic weight Th. 
0.425456 0.694934 220.6 
0.740052 1.210405 220.1 


These data are only preliminary, but they strongly support 
the fundamental conception upon which the research was based. 
MISCELLANEOUS NOTES. 

Guthe? has remeasured the electrochemical equivalent of silver, 
and finds it to be 1.11683 milligrams per coulomb. A similar 
determination by Van Dijk and Kunst* gave 1.11818. The una- 
vailability of an electrolytic comparison with silver for determin- 
ing the atomic weight of antimony was mentioned in the report 
for 1903. ‘The investigation there referred to has been continued 
by Cohen, Collins and Strengers,* and the former results are 


1 This Journal, 26, 922. 
2 Bull. Bureau of Standards, 1, 21. 

3 K. Acad. Weten, Amsterdam; Proc. Sectton of Sctences, 6, 441. 
4 Ztschr. phys. Chem., §0, 291. 
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confirmed. The apparent atomic weight of antimony increases 
with the concentration of the solution from which it is deposited. 
Methods for determining the atomic weights of the rare earths 
are discussed by W. Wild', who compares the volumetric and 
gravimetric processes. Rudorf? has investigated the atomic 
weight of radium as deduced from regularities between the 
spectral lines, and favors the preliminary acceptance of Ra = 225. 
There are also memoirs on the general subject of the spectral 
regularities by Runge* and by Watts.‘ Wetherell® has studied 
the relations between the atomic weights, and sought to explain 
their anomalies. On the vexed question of the standards there 
is another defense of the hydrogen unit by Erdmann,® and the 
same chemist’ has proposed a table of rounded-off values for 
ordinary use. The international table for 1905 appeared in the 
January number of this Journal. 


THE ELECTRICAL CONDUCTIVITY OF LIQUID ASIPIONIA 
SOLUTIONS, II. 
By EDWARD C. FRANKLIN AND CHARLES A. KRAUS, 
Received January 5, 1905. 

In our earlier investigations on the electrical conductivity of 
liquid ammonia solutions® attention was given especially to the 
determination of the maximum molecular conductivity of a number 
of salts in solution in this solvent at its boiling point, —33°. As 
a consequence of the direction taken by this work measurements 
were made only on dilute solutions. The cell used was made for 
this special purpose and was not adapted to measurements on 
good conducting solutions. We were unable therefore, without 
reconstructing this essential part of the apparatus, to extend our 
measurements to concentrated solutions. 

In our preliminary qualitative work we had found that many 
substances which are insoluble in water, or which, although sol- 
uble, form solutions which are non-conducting, dissolve in am- 


1 Zischr. anorg. Chem., 38, 191. 

2 Ztschr. phys. Chem., §0, 100. 
Ztschr. Elektrochem., iO, 119. 

+ Phil. Mag., Ser. 8, p. 279. 

> Chem. News, 90, 260, 271. 
Chem, Ztg., 28, 679. 

7 Ztschr. angew. Chem., 38, 1397. 

8 Am. Chem. J., 23, 277 (1900). 
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monia to form conducting solutions. An extension of our earlier 
measurements to more concentrated solutions and the study of 
a wider range of solutes was accordingly made the subject of the 
present investigation. The program laid out for the work was 
interrupted and we have since allowed several years to elapse in 
the expectation of being able to continue it. However, as we 
shall not be able to take up the work again in the near future 
we deem it worth while to publish the results thus far obtained. 
APPARATUS. 

The general form of the apparatus and the method of purify- 
ing the solvent and making up the solutions were in all essential 
respects the same as those used in our earlier investigations, for 
which reason it is unnecessary to repeat a description here. We 
may mention, however, the substitution of a solid nickel valve 
for the stop-cock P in Fig. 2' of our earlier paper, the use of 
several cells varying widely in resistance capacity, and a variation 
in the procedure for making up the more concentrated solutions 
and introducing them into the conductivity cell. It was hoped 
that the nickel valve would enable us to transfer the solvent 
from the condensing receptacle to the conductivity cell without 
contamination. In this hope we were disappointed, for, while it 
was easy to obtain ammonia in the condensing vessel with a 
specific conductivity as low as 0.01 x 10”, it was found that the 
conductivity of the solvent in the conductivity cell varied be- 
tween even wider limits than it did when a glass stop-cock was 
used. For this reason measurements were not carried to as high 
dilutions as was desired and the conductivity values given for the 
highest dilutions may be in error to the possible extent of several 
per cent. It should be remarked, however, that in no case in 
which the solvent was tested before and after making a series of 
measurements did the specific conductivity of the liquid exceed 
O23 x IO. 

In order to avoid the tedious process of making up the more 
concentrated solutions in the cell direct these were made in an 
accessory receptacle and transferred to the measuring cell through 
tubes sealed glass to glass. The transfers were made by means 
of compressed air. 

THE SOLVENT. 
In view of the fact that the value for the specific conductivity 


1 Loc. ctt., p. 277. 
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of pure ammonia as generally accepted! is much higher than 
that given in our previous paper? it may be well to emphasize 
here the results there given. We pointed out that ammonia 
with a specific conductivity below 0.01 x 10~° was easily ob- 
tained, but no attempt was made to determine the exact value 
for the reason that proper measuring instruments for the purpose 
were not at our disposal. Our measurements were made by the 
method of Kohlrausch with bridge and telephone in a cell with a 
resistance capacity of 0.050. With a resistance of 40,000 ohms 
in the right arm of the bridge and the cell containing the liquid 
in the other, the position of the minimum, which became very 
indistinct at the highest resistances, could be located to within a 
few millimeters of its true position up to 980 mm. on the bridge. 
In a number of experiments the minimum, while distinctly above 
g80 mm., could not be located. The specific conductivity of the 
liquid calculated from a setting at 980 mm. is 0.025 x 10°”. 

Since publishing our earlier results we have obtained ammonia 
in the condensing receptacle of our apparatus with a resistance 
so high that a difference of potential of 110 volts between elec- 
trodes having a cell constant of 0.050 failed to send sufficient 
current through the cell to produce an observable deflection on a 
Weston milliameter. A deflection of one-tenth of the smallest 
scale division, which is very easily observable, corresponds to a 
current of o.ocooor ampere, and gives a specific conductivity for 
the solvent as follows: x=Ci/t=0.050 x 0.00001 /110=0.005 X 
10°, where « is the specific conductivity of the liquid and 7 is the 
difference of potential between the electrodes. This experiment 
was repeated a number of times on different specimens of the 
solvent, so there can be no doubt that the value given above 
constitutes an upper limit above which the specific conductivity 
of pure ammonia does not lie. 

That the specific conductivity of pure ammonia is very low 
indeed would seem to be borne out by the behavior of the alkali 
metals toward ammonia. If we are permitted to assume that 
the speed of the reaction between water and metallic potassium 
on the one hand and between potassium and ammonia on the 


1 Frenzel: Zischr. Elektrochem., 6, 480 (1900) and Ztschr. anorg. Chem., 32, 327 (1902); 
Moissan : Compt. Rend., 133, 713 (1901); Walden und Centnerzwer : Zischr. phys. Chem., 
39, 521 (1902) and Zéschr. anorg. Chem., 30, 155 (1902); Dammer : Handb. anorg. Chem., 4, 
295 (1903); Goldschmidt: Z¢tschr. anorg. Chem., 28, 119 (1901); Spiegel: ‘‘ Der Stickstoff 
und seine wichtigsten Verbindungen,”’ p. 394 (1903). 

® Loc. cit., p. 285. 
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other is in any way dependent upon the concentration of the hy- 
drogen ions in the respective solvents, then, in view of the fact 
of the slowness of the action between ammonia and potassium it 
is necessary to conclude that the value above given for the 
specific conductivity of liquid ammonia is much above that of 
the really pure solvent. It isfurther to be remembered in mak- 
ing this comparison, that when potassium reacts with water the 
action takes place only at the surface of contact between the 
metal and water, while in ammonia, the metal, being in solution, 
is in a much more favorable state for reacting with the liquid. 
CONSTANTS AND UNITS. 

During the course of the present investigation six different 
conductivity cells were used each with its own cell constant. 
Since the results given below are not such as would be used for 
precise calculations it seems allowable to omit the details of the 
calibrations of these cells for the sake of brevity, and to give only 
the final results as calculated from our data. The units proposed 
by Kohlrausch! are used in this as in our previous paper. In 
the tables Y 10-5 denotes the dilution in liters per mol and A de- 
notes the molecular conductivity at the corresponding dilutions. 
All the measurements were carried out at the boiling-point of 
liquid ammonia, —33°. Contrary to the procedure in our earlier 
paper, no corrections have been made in this paper for the con- 
ductivity of the solvent. 

Numerical Results. 
TABLE XXVI.—FORMAMIDE. 





W/s000° A. W/ 100° A. 
1.70 1.08 26.4 1.87 
3.40 1.20 52.2 2:13 
6.76 1.39 103. 2.37, 

13.3 1.63 203. 2.58 

TABLE XXVII.—CHLORACETAMIDE, 

13.9 0.42 


After one hour A had increased to 1.7. 
TABLE XX VIII.—CYANACETAMIDE. 


r32 2.15 40.9 3.75 
2.68 2.02 81.0 4.97 
5.30 2.16 160.0 6.79 
10.4 2.92 316.0 9.31 
20.7 2.83 
1 Kohlrausch, Holborn and Diesselhorst : Wied. Amn., 64, 417 (1898) and Kohlrausch 


und Holborn : ‘‘ Leitvermogen der Elektrolyte,”’ p. 3. 
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7 1000° 


A. 
2.28 
2.09 
2.10 
2.38 
2.91 
3.90 


0.281 


0.322 


TABLE XXXII.—THIOBENZAMIDE. 


2.952 
3-613 
4.505 
5-757 
7-525 
9.998 
13.44 


TABLE XXXIII.—PHTHALIMIDE. 


40.27 
45-77 
54.01 
65.30 
80.11 
98.36 

120.0 


TABLE XXXIV.—CYANAMIDE. 


5.02 
6.40 
8.69 


TABLE XXXV.—CYANAMIDE. 


5-24 
5.63 
7.01 


TABLE XXXVI.—SULPHAMIDE. 


25.0 
25.8 
28.0 
30.2 


33.0 
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TABLE XXIX.—CVANACETAMIDE. 


y 1000°* 
67.41 


133.2 
263.3 
520.0 

1029.0 


TABLE XXX.—PHENYLACETAMIDE. 
0.318 
0.360 
0.410 


42.48 
83.95 


TABLE XXXI.—BENZAMIDE. 
41.07 


201.0 
397.2 
785.1 
1552.0 
3067.0 
6062.0 
I19S80.0 


799.0 
1579.0 
3121.0 
6169.0 

I2190.0 
24100.0 
47630.0 


94.4 
211.0 


41.0 
81.0 


132.0 
I9I.0 
267.0 
388.0 


4.99 
6.74 
9.19 
12.62 
17.37 


0.443 
0.487 









18.11 
24.51 
33-15 
44.69 
59-95 
79-34 
105.7 


144.8 
170.1 
193.8 
213.6 
229.8 
242.9 
254-4 


12.16 
17.27 












mr, 
¥/1000° 


65.97 






6.34 
12.76 
25.22 
49.85 
98.54 

194.8 
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47.81 
94.50 
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TABLE XXXVII.—NITRAMIDE AT — 70°. 


A. Y/1000¢ 
50.95 97.66 
TABLE XXXVIII.—METHYLNITRAMINE. 
39-39 385.0 
44.79 760.9 
52.87 1504.0 
64.25 1972.0 
79.18 5875.0 
98.06 I1610.0 
TABLE XXXIX.—NITROGUANIDINE. 
4.587 369.2 
5.631 729.6 
7.231 1442.0 
9.565 2850.0 
12.86 


TABLE XL.—URETHANE. 


0.0212 5.70 


TABLE XLI.—NITROURETHANE AMMONIUM. 


98.97 851.1 

110.6 1682.0 

125.6 3325.0 

143.2 6572.0 

163.4 12990.0 

184.2 

TABLE XLII.—SUCCINIMIDE MERCURY. 

9.625 603.6 

11.27 1193.0 

13.69 2358.0 

17:23 4660.0 

22.38 9210.0 

29.39 18200.0 

37-92 

TABLE XLIII.—SopIuM NITROMETHANE. 

11.65 660.8 
14.63 1306.0 
18.74 2582.0 

24.60 5102.0 

32.67 10090.0 

43.50 

TABLE XLIV.—TETRANITROMETHANE. 

241.2 1212.0 

263.8 2405.0 

288.7 4772.0 

318.0 9470.0 

349.0 18750.0 
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A. 
56.55 


120.3 
145.2 
171.6 
196.2 
218.4 
235.2 


19.29 
23.88 
32.51 
44.16 






0.0253 


204.2 
222.3 
236.6 
247-3 
254.9 


49.37 

63.7 

82.13 
104.6 
133-3 
164.0 


57-99 

76.61 
100.0 
128.2 
160.7 


378.0 
406.0 
430.0 
447.0 
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TABLE XLV.—TRINITROBENZENE. 


W/s000° A, Y/ 100° A. 
52.35 126.6 1579.0 2050.0 
103.5 142.5 3121.0 216.2 
204.5 159.3 6169.0 228.9 
404.2 174.7 12190.0 236.1 
798.9 I9I.0 
TABLE XLVI.—TRINITRANILINE. 

II.10 109.5 54.58 141.0 
17.10 120.0 109.7 155.2 
22.34 125.4 216.7 169.8 
27.76 129.7 428.3 184.2 
42.00 137.8 846.6 198.6 
54.88 142.3 1673.0 209.5 
68.20 147.3 3307.0 219.1 
103.1 155-7 6537-0 226.4 


TABLE XLVII.—POTASSIUM CYANIDE. 


51.55 104.2 102.7 129.2 
73-27 116.2 


TABLE XLVIII.—MERCURY CYANIDE. 


1.16 2.48 7.10 1.69 

1.78 2529 10.7 1.66 

2.32 2.22 17.4 1.65 

2.89 2.26? 21.8 1.63 

3-37 1.86 33.0 1.64 

5.71 1.79 55-6 1.75 

TABLE XLIX.—SILVER CYANIDE. 

4.48 15.58 537.7 12.41 

9.02 15.39 272.8 12.42 
17.85 14.28 538.0 12.00 
35-25 13.45 1063.0 12.00 
69.69 12.83 

TABLE L.—ZINC CYANIDE. 

1.43 16.35 64.01 9.86 

2.88 15.30 126.6 9.89 
4.12 13.85 250.2 10.36 
8.29 12.42 494.4 1i.23 
16.40 10.80 977.0 12.64 
32.40 10.14 


TABLE LI.—AUROUS CYANIDE. 


185.3 15.34 1132.0 16.67 
274.0 15.69 1585.0 16.93 
393-2 15.98 2297.0 17.24 
556.8 16.25 3220.0 17.57 


16.47 











TABLE LII.—LITHIUM NITRATE. 








y 1000° A. y 1000° 
25.88 118.0 858.4 
53-31 135.3 1703.0 
109.8 155-5 3380.0 
218.0 172:3 6965.0 
432.8 199.2 





TABLE LIII.—LITHIUM NITRATE. 
























25.86 119.5 6960.0 
51.30 135.5 13810.0 
105.7 155.6 19030.0 
209.8 177.6 28460.0 
416.3 200. I 37370.0 
826.0 221.6 51490.0 
1639.0 240.3 74150.0 
3378.0 257.0 IOII00.0 


TABLE LIV.—SODIUM NITRATE. 


1.198 82.13 67.60 
2-721 91.50 147.6 

6.07 97-27 329.7 

13.57 106.6 730.2 
30.30 121.4 1644.0 


TABLE LV.—SODIUM NITRATE. 


22.9 116.2 231.0 
47.2 132.4 332.6 
62.0 139.0 455-3 
122.9 214.0(?) g00.0 
167.6 £7%.2 1227.0 


TABLE LVI.—SODIUM NITRATE. 


6476.0 283.7 








257.3 188.2 2857.0 
510.7 213.9 3739.9 
1013.0 236.1 5150.0 
1053.0 237.0 IOI20.0 
1352.0 246.0 
TABLE LVII.—SODIUM NITRATE. 

648.7 220.0 8920.0 
884.5 233.0 12850.0 
1211.0 243.0 17520.0 
1755-0 259.4 24150.0 
2393.0 263.0 34739.0 
3293.0 270.3 47410.0 
4749.0 77-7 64650.0 
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y 1000° 
66.3 
130.2 
258.5 
510.2 
1008.0 


3-97 
9.01 


° 
“hcl Mae 
oO HO 


21.47 
44.04 
87.40 

173.4 

344.0 


Ny 


53.1 


7.752 


15.60 
30.83 
60.94 


TABLE LVIII.—SopiuMm CHLORIDE. 


A- y 1000° 
121. 1990.0 
143.1 3930.0 
170.2 7760.0 
196.5 15320.0 
223.0 30330.0 
TABLE LIX.—SODIUM BROMIDE. 
92.8 100.2 
102.7 224.0 
116.3 500.2 
134.3 III7.0 
TABLE LX.—Sop1IuM IODIDE. 
146.0 214.6 
164.7 442.6 
184.0 877.1 
TABLE LXI.—-SoDIUM IODIDE. 
210.0 4215.0 
229.5 8365.0 
247.8 16600.0 
296.8 
TABLE LXII.--PoTAssiuM NITRATE. 

77.6 176.5 

86.5 394.2 

92.9 880.2 
108.0 1966.0 
132.0 

TABLE LXIII.—AMMONIUM CHLORIDE. 

68.75 152.9 
79.05 302.3 
93-13 597-3 
112.0 


TABLE LXIV.—AMMONIUM BROMIDE. 








247.2 
268.8 
285.9 
296.0 
307.0 
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152.6 
184.2 
259.2 
248.8 
276.6 


116.0 709.0 
133.0 1407.0 
152.5 2792.0 
174.9 3846.0 
199.8 5751.0 
TABLE LXV.—AMMONIUM IODIDE. 
170.8 104.3 
TABLE LXVI.—ETHYLAMINE HYDROCHLORIDE. 
64.00 240.8 
73-96 479.3 
86.5 953-9 
104.3 1855.0 
126.0 3726.0 


121.3 
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TABLE LXX.—SIL 





EDWARD C. FRANKLIN AND CHARLES.A. KRAUS. 


TABLE LXVII.—DIETHYLAMINE HYDROCHLORIDE. 


Y/1000- A. V/1000° A. 
6.269 61.35 192.6 143.2 

12.62 69.95 380.6 PATE 

24.93 81.56 752.1 202.7 

49.28 114.8(?) 1485.0 233:3 

97.41 118.2 2939.0 261.6 

TABLE LXVIII.—THALLIUM NITRATE. 

97.55 155.0 2068.0 274.0 
194.1 180. I 4104.0 293.4 
385.2 207.3 8144.0 306.6 

1042.0 248.6 


LXIX.—SILVER NITRATE. 


65.95 148.7 2592.0 259.5 
136.8 162.5 5740.0 271.0 
186.6 181.7 11380.0 278.9 
290.1 204.8 15690.0 282.1 
734.5 226.4 22600.0 285.5 

1458.0 245.0 30500.0 257.2 





TABLE LXXI.—BARIUM NITRATE. 






VER IODIDE. 


















































62.4 42.52 967.2 121.0 

123.8 56.20 2617.0 165.7 

245-7 73-63 5192.0 197.0 ; 
7. 94.92 10310.0 226.7 











gI.I 101.3 3805.0 245.5 

125.5 110.8 7542.0 ° 250.0 

180.6 121.9 14950.0 319.4 

358.0 147.2 29647.0 366.9 | 

709.9 172.6 58750.0 422.5 Wp 
200.6 116500.0 498.5 









TABLE LXXII.—WATER. 
0.574 0.0052 1.454 
0.0060 






0.0063 












PLATES. 





The tabulated results are plotted in the following plates in 
which the ordinates represent the molecular conductivities and 
the abscissae the logarithms of the dilutions. The logarithms of 
the dilutions are chosen for the reason that their use gives a 
better distribution of points for the more concentrated solutions 
than either the cube roots of the dilutions or the dilutions them- 
selves. Since, however, the transformation is unsymmetrical the 
method suffers the disadvantage of giving curves which are dis- 
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torted in such a manner that those portions of the curves repre- 
senting the more concentrated solutions are concave towards the 
axis of ordinates when as a matter of fact they should be concave 
towards the axis of abscissae. 

In Plate I are plotted curves for the acid amides and the nitro- 
compounds. The curve for potassium nitrate is included in 


SS = = i ny S 
_ S = S ~~ 
s e e 
T 





—- 


order that ready comparison may be made between these solutes 
and the behavior of the uni-univalent salts. 


In Plate II are given the curves for the cyanides. The curve 
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mercury cyanide B is drawn to a different ordinate scale in order 
to bring out more clearly the similarity of the behavior of this 
salt to that of the other cyanides. Three poor conducting acid 
amides are included in this plate. 

| 

| 

i 





: ’ 
rny = 





: a 
The curves for the uni-univalent salts are given in Plate III. 
There is also here included curves showing the conductivity 0 
certain salts in water solution at 18°.!| These curves show the 


1 Data are from Kohlrausch and Holborn: ‘‘ Leitvermégen der Elektrolyte, p. 159: 
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interesting fact that the molecular conductivity of salts in am- 
monia, although}very much higher in dilute solutions, is consider- 
ably lower in the more concentrated solutions than in water solu- 
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tions of the same concentration.” This is, to be sure, a result that 
was to be expected in view of the low dissociating power of am- 
monia as a solvent and notwithstanding the much greater mobil- 
ity of the ions in the latter solvent.’ 

* Franklin and Cady : This Journal, 26, 499 (1904). 
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Plate IV shows the effect of dilution on the dissociation of uni- 


univalent salts in water at 18° and in ammonia at —33°. 











Note.—The following addenda are to be made to the plates given in 
our earlier paper—Am. Chem. /., 23 (1900) : 





On page 309.—1-Metadinitrobenzene, 2-orthonitrophenol, 3-metameth- 
oxybenzenesulphonamide, 4-benzenesulphonamide, 5-nitromethane, 6-para- 
methoxybenzenesulphonamide, 7-orthomethoxybenzenesulphonamide, 8-tri- 
nitrotoluene. 
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On page 310.—I-Potassium bromide, 2-potassium nitrate, 3-ammonium 
chloride, 4-ammonium nitrate, 5-silver iodide, 6-strontium nitrate. 

On page 311.—1-Sodium bromide, 2-potassium metanitrobenzenesul- 
phonate, 3-sodium bromate, 4-metanitrobenzenesulphonamide, 5-benzoic 
sulphinide. 

DISCUSSION OF RESULTS. 

Acid Amides.—(Tables 15-21 inclusive and 26-41 inclusive 
and PlatesI and II). The analogy between the acid amides and 
aminonia on the one hand and the oxygen acids and water on 
the other has been shown to extend to the behavior of the solu- 
tions of the acid amides in ammonia.’ The acid amides gener- 
ally are easily soluble in ammonia, and in this solvent they enter 
into metathetic reactions with the metallic amides in a manner 
entirely analogous to the reactions between acids and bases in 
aqueous solutions. Moreover, as is shown in the following 
table, the acid amides form solutions in ammonia which exhibit 
the same wide diversity in their power to carry the electric cur- 
rent as do aqueous solutions of the oxygen acids. 

TABLE SHOWING THE ELECTRICAL CONDUCTIVITY OF ACID AMIDES IN 
SOLUTION IN LIQUID AMMONIA. 

The values for the molecular conductivities given under jo) = 8, 64 
and 8,000, respectively, are interpolated from data contained either in the 
tables above or in our earlier paper. 


Whro« 8 64 8000 
SHIDMAIMIGE. ,.c.ceacassacducsevessacsacsaasteseessecs bashes, AG =. iaeeaues 
BenzenesnlpHOnamide: occcscsccsvcssessesessceses esas 21.0 130.0 
Orthomethoxybenzenesulphonamide ........ ah 10.0 89.0 
Metamethoxybenzenesulphonamide..........000 ss. 25.0 154.0 
Paramethoxybenzenesulphonamide........... eee 14.0 109.0 
Metanitrobenzenesulphonamiide...............0 00 sees 82.0 232.0 
Bitramides at — SOS. oo -.. eccsisivacceweucsetsss -vdees GEO 8 scuacans 
Meth yinrAMiINe sc. <scciccssevssenavcsavececevsssass 31.0 70.0 226.0 
BRA arse ssc secichas+caccessau cessuseensvuspacsteescsnues Very poor conductor 
PCRH ANG... ccervasecaeccescesuelss daccawscissestesmeees GOs § veces ‘(gw 
Nitrourethaneammonia..........0..cescssecssceees 90.0 130.0 250.0 
NitOR UR NIG Ges oo ccc; caccecneseedccecsdectaicsee is 4.5 8.0 70.07 
MOR IAMNG Gx oc vss cacaccccesads sxcars cid exscurass tele 1.35 2.19 2.54 
PALA C accu cdenevcsacaecrcoseesdacdecsexaseceestees 0.30 OSS sguces 
PIMPRECC LAINE? sc. cic2ca: .<<<d ova sceseessecaseccs OA euutc, «=o 
PGA COLAINTN Gy c.cs css sicsaeecendvceeneseceeesess 0.34 Ose “sedeces 
EPHIMCOLATHIC EG. ...4caescascccsssccceeacsdecsocuccess 2.17 4.25 7.90 
Cyanamide 5.24 WG £2225 





! The authors: Am. Chem. J., 23, 302 (1900), and Franklin and Stafford : /b7d., 28, 83 
(1902), 
* Extrapolated. 
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8 64 





W/1000 











CH CAO oosicwnsasccsisnrcssrsebeseoes recaemsenes 0.27 OA -atasaes 
Thiobenzamide .............cccccccsserceseescsccores 4.9 10.8 87.0 
ONE I SIIOE cece cas cacacsccressasespanseesensesstetees 41.0 70.0 220.0 
ACOH RTI O cca csescssiaceccessnpevecsescienescesansans: sess 75.0 190.0 
Succinimide Mercury..........scccrsceserscseseoes 10.6 26.7 126.0 
PTA LARIG oc <4.vonne socerwssenstacgsscrntousssmaseusss nes Very poor conductor 
PTAUICH ATT BC cc ccs ss dosicoe cceen cases onctenssesecsaccess Fair conductor 


229.0 


100.0 143.0 





Trinitraniline (Pikramide)................s00 

Obviously the amides of the weaker acids are poor conduc- 
tors, some of them very poor, while the amides of the stronger 
acids conduct the current very well. For example, the amide of 
the weak carbonic acid scarcely conducts the current at all, acet- 
amide and benzamide form poor conducting solutions, formamide 
solutions conduct much better, while the amides of the strong 
sulphonic acids, of nitric acid and of sulphuric acid form solu- 
tions which are excellent conductors. 

Just as with the weak organic acids the substitution of hydro- 
gen by a negative atom or group of atoms is accompanied by a 
marked increase of their conducting power in aqueous solution, 
so with the acid amides, this substitution is accompanied bya 
similar increase in the conductivity of the ammonia solution. 
Thus the conductivity of a solution of acetamide at a dilution 
of 64 litres is 0.53, while at the same dilution the conductivity 
of a solution of cyanacetamide is 4.2; at a dilution of 64 litres 
the molecular conductivity of benzenesulphonamide is 21.0 while 
that of metanitrobenzenesulphonamide is 82.0. Still more strik- 

! ing examples of this relation are found in a comparison of ureth- 
ane and benzamide with nitrourethane and thiobenzamide re 
spectively. Urethane has scarcely more than a measurable con- 
ductivity while nitrourethane ammonia exhibits the high con- 
ductivity of the binary salts. The table also shows that parallel 
to the behavior of phenol and its nitro derivatives in water is the 
behavior of the nitranilines in ammonia. As is picric acid in 
water so is pikramide in ammonia an excellent conductor of elec- 































tricity. 

It must be noted in this connection, however, that contrary to 
what might perhaps be expected, chloracetamide is not a better 
conductor than acetamide nor do the amides of the stronger 
benzoic and phenylacetic acids exceed acetamide in their con- 
Furthermore, the acid amides are uniformly 





ducting power. 
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much poorer conductors in ammonia than are the corresponding 

acids in water, as evident from a 

TABLE SHOWING THE CONDUCTIVITY OF ACIDS IN WATER AS COMPARED 
WITH THE CONDUCTIVITY OF THE CORRESPONDING 

ACID AMIDES IN AMMONIA, 





In water wh 00 32 In ammonia y 1000 64 
INECRIC ACIO. ice ceaesvesessescsceccsses 9.2 ACOtAiIIGG.....<.cssscescesesdustaese 0.53 
Phenylacetic acid..............0s 15.8 Phenylacetamide........... négso SAR 
Cyanacetic acid .........<.0.: 0250 112. Cyanacetamide<<....<cecss<<<s<s i) 4225 
MALI ACI o0..3/ sunssceccceeccnnne 3552 POG AMG So. 63 ois scceccnecuseess 2.18 
RENAOIC ACIO 505 35.- 0s ncsac onus 16.0 BenZamMide 6..5<2090: <<556 0.40 
MNO ACI 25a <n dg atencecs-cancaeeta 300.0 PERPAII Gh os ca cscevecacccadactacd yes 143.0 
MiLGIO ACTON. <> <5<c-tcsseecsnnsesdoexe 365.0 INGRAM Gs aa 05 ccercecvacvasncduees 51.0 
BiIDNUEIG ACID. ..8scoceccscars ss 580.9 SHIPRANNAES «. s2ses-<scccscsaseasnes 30.0 


Chloracetamides.—The mono- di- and trichloracetamides were 
prepared with a view of measuring the conductivity of their solu- 
tions but it was found that these solutions increase in conduc- 
tivity very rapidly on standing, a result probably due to the 
formation of ammonium chloride and aminoacetamides by the 
action of the solvent on the acid amides. The molecular con- 
ductivity of chloracetamide, for example, gave at Yio 3=13.9 a 
value for A=o.42 when first measured. After an hour the con- 
ductivity had increased to 2.4. 

Sulphamide (Table 36, Plate I).—According to Hantzsch and 
Holl' an aqueous solution of sulphamide is a non-conductor of 
electricity. In ammonia, in which it is extremely soluble, the 
amide must, on the contrary, undergo considerable ionization as 
is shown by the measurements given above. The sulphamide 
used was made according to the directions given by Traube? and 
was contaminated with a small quantity of some substance in- 
soluble in ammonia. The impurity gave to the aqueous solution 
an acid reaction but did not impart to the acid amide the bitter 
taste refered to by Hantzsch and Holl. It must be admitted 
that possibly the observed conductivity of the ammonia solu- 
tion was due to an impurity and indeed the form of the con- 
ductivity curve suggests the higher arm of a binary salt curve. 
Furthermore, in the light of the close general resemblance 
noted by Hantzsch between carbamide and _ sulphamide, 
it is evident that new observations upon a carefully purified 


1 Ber. d. chem. Ges., 345 3436 (1901). 
* [bid., 26, 607 (1893). 








208 EDWARD C. FRANKLIN AND CHARLES A. KRAUS. 





preparation will be necessary to settle definitely the matter of 
its conductivity in ammonia solution. At the same time it is 
difficult to believe that sufficient impurity soluble in ammonia 
was present to cause the high conductivity observed. 

Nitramide' (Table 37, Plate I).—This amide was prepared ac- 
cording to the directions of Thiele and Lachman.’ It is a very 
unstable substance and, according to its discoverers, is especially 
sensitive to the action of ammonia vapor. It was found, however, 
that if the amide is cooled down to —33° before being allowed to 
come into contact with the ammonia, it goes into solution without 
decomposing and forms a solution which is a good conductor of 
electricity. To accomplish this end the nitramide was weighed in 
a glass tube with a very thin-walled bulb blown on the end and 
was then immersed in the ammonia of the accessory cell in which 
the solution was to be made up. When the amide was cooled to 
the temperature of the ammonia, the bulb was broken and the 
solution transferred to the conductivity cell with as little loss of 
time as possible. The initial high value of the conductivity de 
creased rather rapidly and at the end of a few hours had reached 
a final low value of the order of a solution of water in ammonia. 
Obviously the same decomposition which goes on at a high rate 
of speed at room temperature also takes place in ammonia at 
—33°, although much more slowly. 

The attempt was then made to measure the conductivity of a 
nitramide solution at a temperature much below that of boiling 
ammonia in the hope that at this temperature the decomposition 
would be so slow as not to interfere seriously with measurements. 
The acid amide contained in the weighing tube described above 
was introduced into the ammonia of the accessory cell cooled by 
means of a bath of carbon dioxide and ether and, as soon as the 
solid was dissolved, the solution was transferred to the measuring 
cell, which was likewise cooled by the carbon dioxide-ether mix- 
ture. At this low temperature the conductivity of the solution 
remained practically constant during several hours, showing the 
decomposition to be very slow. Unfortunately, the fracture of 
the conductivity cell during the experiment prevented further 


1 We take pleasure in acknowledging our indebtedness to Professor Arthur Lachmat 
for the material for making the specimen of nitramide used in these measurements. We 
also thank him here for specimens of nitrourea, urethane, nitrourethaneammonium- 
nitroguanidine, biuret and dicyandiamide. 

2 Ann Chem. (Liebig), 288, 267 (1895). 
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study of this solution. It is interesting to note that this substance 
isa much better conductor in ammonia than it isin water.! 
Methylnitramine (Table 38, Plate I).—The unstable nature of 
nitramide disappears when one of the hydrogen atoms is replaced 
by a methyl group. Since, however, one of the hydrogen atoms 
still remains it was expected that the “acid ester °’ 
to be a good conductor of the current, as indeed it is. The 
conductivity of methylnitramine is somewhat above that of 
nitramide. It is to be remembered, though, that the con- 
ductivity of the nitramide solution was determined at —80°, 
that is, 37° below the temperature at which that of the ni- 
tramine was made. The conductivity of ammonia solutions at 
these temperatures increases between 1 and 2 per cent. per degree 
rise temperature, consequently at —33° the conductivity of 


Ny 


nitramide would lie near that of the nitramine solution. 


would prove 


Metallic Derivatives.—It was planned to measure the conduc- 
tivity of a number of metallic salts of the acid amides? but in 
this direction measurements have been accomplished upon but 
one metallic imide, vz., succinimide mercury (Table 42), which 
gives a good conducting solution. Potassium phthalimide was 
found to be insoluble. 

Nitro compounds (Tables 12, 22, 23, 24, 42, 44, 45 and 46 
Plate I).—The fact that the nitrohydrocarbons are generally 
readily soluble in ammonia forming solutions which in some 
cases are remarkably good conductors of electricity has pre- 
viously been pointed out. We have now extended our measure- 
ments to several more such compounds. 


It seems probable that in the case of the paraffin derivatives 
the conductivity is to be accounted for by the formation of 
compounds similar to CH,=NOONH,, that is, the true nitro 
compounds, Hantzsch’s pseudo acids, become the ammonium 
salts of true acids when the former are dissolved in ammonia. 
It is, however, difficult to account for the conductivity of the 
aromatic nitro compounds on the assumption of a similar change 
and until the action of liquid ammonia on fhese compounds has 
been investigated it is probably useless to speculate on the sub- 
ject. 


' Baur: Ann, Chem. (Liebig), 296, 95 (1897). 
* Franklin and Stafford: Am. Chem. J., 28, 83 (1902). 
> The authors : /did., 23, 301 (1900). 
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Trinitrobenzene (Table 45).—The aromatic nitro compounds 
are all more or less soluble in ammonia, some of them giving 
solutions which possess strong and very characteristic colors. 
Nitrobenzene, which is very soluble, and ortho- and para- nitro- 
toluene, which dissolve but sparingly, give solutions which are 
but slightly colored and which do not conduct thecurrent. The 
three dinitrobenzenes, 1,2,4-dinitrotoluene, trinitrobenzene and 
trinitrotoluene form strongly colored solutions which approximate 
salt solutions in the facility with which they permit the passage of 
the current. 

Nitromethane (Tables 23 and 34, Plates I and III).—In our 
previous paper it was shown that nitromethane is a remarkably 
good conductor in ammonia solution. We now find that the 
sodium salt possesses almost the same conductivity. This sug- 
gests, as is the case with acids in general, that, when dissolved in 
ammonia, nitromethane forms the ammonium salt. It was, 
therefore, thought worth while to determine whether ammonia 
nitromethane compounds could be isolated at lower temperatures. 

When nitromethane is introduced into liquid ammonia at —33° 
the two substances unite to form a crystalline colorless mass 
which melts somewhere between o° and ro° and is then miscible 
with ammonia in all proportions. A weighed quantity of nitro- 
methane was introduced into a tube and, after weighing, ammonia 
was distilled into the tube until a large excess was present. 
Leaving the tube and contents in the ammonia bath, connection 
was made with a mechanical pump and the pressure was reduced 
until it became constant at about 150 mm. The tube was then 
sealed and weighed. 

1.4285 grams nitromethane gave 2.2516 grams of the addition 
product. 


Calculated for 
CH;NO2.2N H3. Found. 


BNET osc ostesnnsee re sonnactsccceaewacenies 3550 35-7 
The tube was again cooled to —33° and the pressure was re- 
duced to a few millimeters of mercury. The tube was again sealed 
and weighed with the following results : 
1.4285 grams nitromethane gave 1.8286 grams of the addition 
product. 


Calculated for 
CH3NO.2.NH3. Found. 


UNidia' So ctssaynsecsesaenasuesseseesesenrsiace 21.8 21.9 
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This compound has a higher melting-point than the former. On 
opening the tube at laboratory temperature the ammonia is all 
given off, leaving nitromethane behind. 

It therefore appears that two ammonia addition products of 
nitromethane, namely, CH,NO,.2NH, and CH,NO,.NH, may be 
prepared, both of which lose their ammonia on warming up to the 
laboratory temperature at atmospheric pressure. 

In the experiments thus described there was indication of slight 
decomposition of the nitromethane. This was tested further by 
sealing up a tube with nitromethane and ammonia. After several 
months’ standing the liquid had assumed a dark brown color, and 
brown resinous appearing needles separated out at the bottom of 
the tube. These were not studied further. 

Tetranitromethane (Table 44).—Since the presence of hydrogen 
isa necessary condition for the formation of salts from the nitro- 
paraffins, it was expected that tetranitromethane, in the absence 
of a hydrogen atom in the molecule, would not give a conducting 
solution when dissolved in ammonia. Quite the contrary, how- 
ever, it gives a solution possessing an exceptionally high conduc- 
tivity. This behavior shows clearly that the conductivity of the 
solution cannot be due to the tetranitromethane as such, for the 
molecular conductivity reaches almost 500 units while the molec- 
ular conductivity of the best conducting binary salts does not 
rise above 340 units. The observed conductivity must therefore 
be due to the formation of new electrolytes resulting from the 
action of the solvent on the tetranitromethane. The following 
description of a short investigation of the action of ammonia on 
tetranitromethane gives an account of the products formed. 2 

If a tube containing tetranitromethane is introduced into a 
bath of liquid ammonia, the contents solidify. On allowing am- 
monia gas to enter the tube the tetranitromethane absorbs it and 
liquefies. Some care must be exercised to prevent the absorption 
of an excess of ammonia at the surface before the lower layers of 
the solid have been acted upon, for the reason that decomposition 
begins in the more dilute layers. The decomposition cannot be 
entirely prevented, but if care is taken to stop the addition of am- 
monia at the point when the solid has just disappeared, the 
amount of decomposition will be slight. The composition of the 
liquid thus formed appears to be C(NO,),.NH, as is shown by the 
following data. 
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Weight of tetranitromethane, 1.0350 grams, weight of the addi- 
tion product, 1.1276 grams. 


Calculated for 
C(NO»o)4.NH3. Found. 


INE x .oands sic saobsceacerassieseswsinanessee 8.00 8.23 
As the liquid warms up to the ordinary temperature the com- 
pound loses its ammonia and leaves tetranitromethane behind, 
When an excess of ammonia is introduced into the tube, the 
addition product does not dissolve as such, but remains in the 
lower portion of the tube as a distinct, denser layer which grad- 
ually enters into reaction with the supernatant ammonia, simu- 
lating in its action the behavior of a layer of phosphorus tri- 
chloride under a stratum of water. The action is accompanied 
by the production of much heat and the evolution of nitrogen 
gas. The ammonia solution at the same time assumes a strong 
yellow color. The gas was proved to be nitrogen by testing it 
with a flaming splinter, which was extinguished, by allowing it 
to stand over water, and by sparking it with an admixture of hy- 
drogen gas, neither of which latter tests caused any diminution 
in the volume of the gas. The percentage of nitrogen evolved 
is not constant but varies considerably in successive experiments 
as is shown by the following determinations. 
I. 2.0983 grams gave 125.4 cc. nitrogen at 14° and 755 mm. 
II. 1.6161 grams gave 111.0 cc. nitrogen at 20° and 760 mm. 
III. 0.7515 gram gave 60.0 cc. nitrogen at 24° and 740 mm. 


Found. 





Calculated for _ 
1 molecule nitrogen. I ET, III. 


INIEPOREMN «i sccsscavccswsesececess 7.2 6.9 7.8 8.0 
Some tetranitromethane was undoubtedly carried over with 
the gas into the receiver, for the water in the latter gradually 
became yellow, a result due presumably to the formation of 
nitroform ammonia by the action of the aqueous ammonia on 
the tetranitromethane. 

When the action between the liquid ammonia and the tetra- 
nitromethane is complete and the tube, removed from the am- 
monia bath, is warmed, the excess of ammonia boils away, leav- 
ing behind a yellow, well crystallized mass which melts in the 
neighborhood of zero. Under reduced pressure the reaction 
product loses ammonia but the excess of ammonia is not all 
given off until, with the pressure reduced to a few millimeters, 
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the temperature has been maintained at 100° for some time. A 
small quantity of liquid, evidently water, condenses on the walls 
of the cooler portions of the tube. The amount has not been 
determined, but was estimated to be considerably less than one 
molecule for each molecule of the tetranitromethane used. After 
continued heating under diminished pressure, to remove the am- 
monia and water, a yellow crystalline mass remains behind in the 
tube. This is somewhat heavier than the tetranitromethane 
used as is shown by the following data. 


Gram Gram Gram. 
Weight of tetranitromethane................. 2.8740 2.0983 1.6161 
Weight of reaction product.................. 2.9076 2.1314 1.6916 
Percerit: 1NCKCASE..c< scecsiceseecccasaseecevecenecs 1.0 1.6 4.7 


If ammonia gas be introduced upon the dry reaction product, 
it is rapidly absorbed, the yellow mass deliquesces and goes into 
solution. 

The dry reaction-product was removed from the tube, dis- 
solved in alcohol and allowed to crystallize, when the deposition 
of crystals of two distinct forms led to the conclusion that the 
reaction-product must be a mixture. Addition of ether to the 
alcoholic solution of the yellow mass was followed by the depo- 
sition of a crop of crystals, which, after separation from the al- 
cohol-ether solution and washing with ether, was found to con- 
sist of ammonium nitrate. The identity of the salt was proved 
by its behavior when heated, by the fact that it deliquesces 
when brought into contact with gaseous ammonia, by qualita- 
tive tests for ammonia and nitric acid, and by a quantitative 
determination of the ammonia contained in it. A very consid- 
erable proportion of the reaction-product was made up of this 
salt. The filtrate from the ammonium nitrate was concentrated 
until a crop of yellow, needle-like crystals was formed. The 
substance thus obtained is nitroform ammonia or trinitrometh- 
ane ammonia. Ammonia determinations made by the usual 
volumetric method gave 10.5 and 10.3 per cent. NH, ; calcula- 
ted for C(NO,),H.NHg, 10.1 per cent. 

A mixture of the ammonium and potassium salts was treated 
with dilute sulphuric acid and the aqueous solution of the free 
titroform thus obtained was extracted with ether. The yellow 
ethereal solution when dried over calcium chloride became en- 
tirely colorless. The ether was then removed by evaporation 
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an vacuo and the acid was converted into the ammonium salt by 
contact with dry, gaseous ammonia. The addition product thus 
formed deliquesced in the ammonia gas, forming a very concen- 
trated ammonia solution of n'troform ammonia. This liquid 
was mixed with warm alcohol and the solution thus formed 
allowed to cool, when beautiful needle-like yellow crystals of nitro- 
form ammonia separated from the solution. The analysis gave 
9.8 per cent. NH, ; calculated, as above, 10.1 per cent. 

In further proof of the formation of trinitromethane by the 
action of ammonia on tetranitromethane the following experi- 
ments are described. 

A portion of the product formed by the action of ammonia on 
tetranitromethane was dissolved in water, potassium hydroxide 
solution was added and the crop of yellow crystals which sepa- 
rated was increased by immersion of the containing vessel in ice 
water. The crystals were filtered off on a Witt plate, washed 
successively with water, alcohol and ether, and dried im vacuo, 

Determinations of potassium in two separate preparations are 
given. 

I. 0.6018 gram of the salt gave 0.2751 gram potassium sul- 
phate. 

II. 0.3778 gram of the salt gave 0.1734 gram potassium sul- 
phate. 


Found. 





Calculated for — 
C(NOg..)3K. x. II. 


Eo vuctecseauceenctocsxsevetaonspenccuees 20.6 20.5 20.6 
According to Hantzsch and Rinckenberger' the salts of nitro- 
form gradually undergo decomposition with the formation of 
metallic nitrate. In agreement with these observations are the 
following results of the analysis of three old specimens of the 


potassium salt. 


Found. 
Calculated for pee een eee 
C(NOs)3.K. I. II. III. 
Favsnd callobusnconesaseueuseonaas 20.6 21.5 21.2 25.5 


If we assume that the dry product of the action of ammonia 
on tetranitromethane is a mixture of nitroform ammonia and 
ammonium nitrate only, then the following determinations 0 
ammonia in the mixture show the constituents to be present it 
the proportion of approximately 2 molecules of the former to ote 
of the latter. 


1 Ber. d. chem. Ges., 32, 631 (1899). 
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Preparation I. 
@. 0.2038 gram required 14.4 cc. decinormal acid. 
6. 0.3865 gram required 27.5 cc. decinormal acid. 
Preparation II. 
a. 0.5433 gram required 39.3 cc. decinormail acid. 
6. 0.3376 gram required 24.3 cc. decinormal acid. 
Calculated for 


2 mols. C(NO.),;NH, 
to 1 mol. NHyNOs. Ia. Id. IIa. IIé. 


). | 2 RRP eae err 12.3 12.05 12.1 12.3 12,3 

The work thus described shows that the action of ammonia on 
tetranitromethane results in the formation of somewhat more 
than 1 atom of nitrogen, something less than 1 molecule of 
water, and a mixture of nitroform ammonia and ammonium ni- 
trate in the proportion of 2 molecules of the former to one of 
thelatter. Furthermore, the weight of the dry mixture is slightly 
greater than that of the tetranitromethane used. 

Agreeing fairly well with these results is either of the two equa- 
tions: 

I. 6C(NO,),+ 14NH, =6C(NO,),HNH,+ 3NH,NO,+ 3H,0+8N. 
II. 7C(NO,),+ 16NH, = 7C(NO,),HNH,+4NH,NO,+ 2H,O+8N. 

It appears that the products are not the result of a coupled 
reaction but that several reactions are going on independently of 
each other. The nature of these independent reactions we have 
been unable to clear up with the small amount of material at our 
disposal. 

Trinitranaline (Table 46, Plate I).—Since nitraniline, dinitrani- 
line and trinitraniline are related toammonia in the same way as 
nitrophenol, dinitrophenol and trinitrophenol are to water, it 
was expected that the former in ammonia would exhibit much 
the same gradations in conductivity that the latter do in water. 
Qualitative measurements showed that metanitraniline and 
paranitraniline possess no, or but slight, conductivity, dinitrani- 
line is a fair conductor, while the measurements given above 
show that trinitraniline possesses a conductivity comparable 
with that of the binary salts. The nitranilines are all readily 
soluble in ammonia, forming strongly colored solutions. The 
acid-nature of pikramide in ammonia solution is further shown 
by its behavior towards potassium amide.! 

Metallic Cyanides (Tables 10, 11 and 47 to 51, inclusive).—The 
measurements on potassium cyanide were not continued beyond 


! Franklin and Stafford : Am. Chem. J., 28, 102 (1902). 
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the data given for the reason that the specimen of salt used did 
not give a clear solution, a fact due, probably, to the presence of 
potassium hydroxide or potassium carbonate, both of which are 
insoluble in ammonia. It is evident, however, from the figures 
given that potassium cyanide behaves normally in ammonia solu. 
tion. Contrary, however, to the behavior of potassium cyanide, 
the cyanides of the heavy metals exhibit a unique behavior. In 
the first place the conductivity is low, but more striking is the 
fact that the molecular conductivity, instead of increasing rapidly 
with the dilution, at first decreases, passes through a minimum, 
and then increases slowly, the total change of the conductivity 
for a considerable range in the dilution being surprisingly small. 
The results of our measurements are graphically represented in 
Plate II. Zinc cyanide gives the most pronounced curve of any of 
the cyanides, but even here the change in the value of the molec- 
ular conductivity is very small in comparison with the change 
which other salts undergo. In the case of silver cyanide the con- 
ductivity decreases less rapidly and even at a dilution of 1,000 
liters per gram-molecule the minimum has not been passed. 
Measurements on gold cyanide solutions have not been made on 
sufficiently concentrated solutions to determine whether such solu- 
tions give a minimum molecular conductivity or not. It is inter 
esting to note that cyanacetamide exhibits much the same be- 
havior as do the metallic cyanides and that cyanamide, although 
not carried to as high a concentration as was cyanacetamide, prob- 
ably behaves in a similar manner, as will be seen by an inspection 
of the curve in Plate II. 

No obvious explanation of the behavior of the cyanides presents 
itself. The curves have the appearance of being the resultant of 
two components, one being of the form of the normal conductivity 
curve, the other of the form of a rectangular hyperbola. The 
combination of these two curves would give rise to a curve which 
follows that of the cyanides very closely. It may be that we 
have to do here with a case in which a salt undergoes self-ionization. 
In the more concentrated solutions the self-ionization would be 
greatest. As the solution is diluted the dissociation due to the 
salt itself would decrease while that due to the solvent would it- 
crease. Finally, the conductivity due to the two factors would 
exchange places, the increase due to the action of the solvent be 
coming greater than the decrease due to the weakening of the 
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self-ionization. Such action would become apparent in a sub- 
stance which possessed a good conductivity in the molten state 
and which is not so highly dissociated by the solvent that the 
effect looked for would be obscured by the action of the solvent. 
As a matter of fact salts in water solution do not obey the dilu- 
tion law and the discrepancy is in the direction above indicated. 
Some experiments by one of the writers, the results of which have 
not yet been published, indicate the possibility of such an ex- 
planation. Salts dissolved in boric anhydride conduct the cur- 
rent, but as the dilution is increased the molecular conductivity 
instead of increasing, as a matter of fact, falls, following the form 
of the first portion of the curves for the cyanides. The conduc- 
tivity in this case does not pass through a minimum but approaches 
the axis of dilution asymptotically. There are, however, many 
difficulties in the way of such an explanation. For example, the 
molecular conductivity minimum for silver cyanide is not yet 
reached at a dilution of 1,000 liters per mol. At such a dilution it 
is difficult to believe that the salt can exercise an appreciable self- 
ionizing action. 
METALLIC SALTS. 

All the measurements on uni-univalent salts given in our 
earlier paper were made on dilute solutions, the object in view 
being the determination of the maximum molecular conductiv- 
ity of the salts studied. The cell was made especially for dilute 
solutions, and was not adapted to the measurement of low re- 
sistances. In extending this earlier work it was our purpose to 
select a considerable number of uni-univalent, uni-bivalent, and 
uni-trivalent salts—no bi-bivalent salts have been found which 
are soluble in ammonia—and to measure their conductivity 
through as large a range of concentrations as possible. We are 
able to record measurements on a number of salts in addition to 
those previously given, but of these only four have been inves- 
tigated at higher concentrations and they, even, have not been 
carried to saturated solutions. The results obtained are given 
in Tables 30 to 46 inclusive, and are shown graphically, to- 
gether with the earlier measurements, in Plate III. The wide 
variations in the conductivities of the different salts with the 
concentration are shown by the bewildering manner in which 
the curves cut each other. Conspicuous on the one hand are 
ammonium iodide and sodium iodide for the high conductivity 
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of their more concentrated solutions, while on the other hand 
potassium nitrate, ammonium chloride, and especially silver 
iodide, are marked by low values for the molecular conductivi- 
ties in the more concentrated solutions. Potassium nitrate, next 
to potassium bromide, shows the highest value for Ao , and is 
unique in giving a curve which cuts nine others, thus showing 
that the more concentrated solutions of this salt are poorer con- 
ductors than the equivalent solutions of any one of the follow- 
ing named salts: thallium nitrate, sodium iodide, ammonium 
nitrate, sodium bromide, silver nitrate, ammonium bromide, 
lithium nitrate, sodium nitrate, and ammonium nitrourethane, 
This behavior of potassium nitrate is followed by other salts in 
a less conspicuous degree as is evident from an inspection of the 
plate. 

If the assumption be made that changes in concentration have 
no effect on the mobilities of the ions,’ then it is obvious that 
variations in conductivity must be accompanied by corresponding 
changesinthedissociation. Sodium iodide and ammonium iodide, 
for example, must be more highly ionized in the more concen- 
trated solutions than any other of the salts studied. The 
quantitative effect of dilution on the dissociation of the uni- 
univalent salts, together with a comparison in this respect of 
the behavior of water and ammonia solutions, follows in the 
table on page 219. 

This table, in the first place, brings out clearly the marked differ- 
ence in the ionizing power of the two solvents. Potassium nitrate, 
for example, in a third-normal solution in ammonia is less than 
one-fourth dissociated while in water at the same concentration 
three-quarters of the salt in solution are in the ionic condition. 
At a dilution of 1,000 liters per mol the salt is still, in am- 
monia solution, less than three-fourths dissociated, while in water 
the dissociation is practically complete. In the second place the 
table shows that for equal concentrations the degree of ionization 
varies in a marked manner from solute to solute, a fact well 
enough known, perhaps, of aqueous solutions but here also shown 
to hold true of ammonia solutions. It is worth while to call 
especial attention to silver iodide, which gives with ammonia a 
conducting solution in which the solute is dissociated to an extent 
surprisingly low. These relations, which are evident from the 
table, are shown graphically and in detail in Plate IV. 


1 Franklin and Cady: This Journal, 26, 499. 
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TABLE SHOWING THE COMPARATIVE IONIZING POWER OF AMMONIA 
AND WATER. 








a in ammonia at —33°. a in water at 8°. 
Y/ 1000 2. 10, 100. sue: 0.5. a9 10. 100. 
MPO, sassccceuwonwasceausansics 0.23 0.26 0.41 0.73 0.55 0.76 0.83 0.95° 
tonne, OLFF. OSS OOF 
MGV cactupavesnuscedeadetvendean, (sateen wissiegedl Seats 0.71 0.81 0.86 0.94? 
MMR acs us sacs vaxasesssisescauegy coskaen csc. OF 877 0.76 O:8f 0.83 ©... 
fasts 0.79 0.84 0.94% 
eas scdtan Seco CLO 
BED iu, ssguscsarssssoctasmss<siesveceeeed cobs super ccasen | Oo 0.83 0.87 0.95? 
C,H, (NO, )SO,OK (772 )..... sse00e iesesn (OAR OlEE midden estan saunas 
MANO) gsc. ccc ccsvccuteaseseewesys 0.30 0.34 0.52 0.79 0.52 0.77 0.84 0.94" 
0.53° 0.70 0.79 0.95° 
REO, vedioasnnnasesesdoeeeedann sattial ones 0.44 0.75 0.59 0.77 0.84 0.94? 
RABY sc occnsaccetacnessudensutee 0.30 0.34 052 O.81 sceseien seasee eeu 0.92° 
0.71 0.88 0.92 u 
ID cucawcenacdssoceusauetseniecng seaies (O40) O6er GS aa. “aan 0.92° 
0:73. 0.86 0.97 acu i 
MEE GO) cscacesasaseaqenseseren veces sous 0250" OL85 0.65® 0.75 0.82 0.90? 
[1150 ge COREE eT CEC ER ECE ETS ere ts Meyer canes 0.68 0.89 0.93 0.97? 
EU Ol vassccascnns-cenacseodses 0.23 0.39 0.67 0.71 0.80 0.85 0.94? 
EE Ks vicisnicnccdcnsantaisvsntsn idedea! Sweccarieseates 0.67 0.89 0.93 0.97? 
RON och dps snc aconacentebevyeugcsees 0.52 0.78 
BBE sc 5c Su cacao cudaansacs: eamtsom Veeiaes OOP secssz 
BONO os cads (nace saccevecssacaues cosets sacs O55 O96 wauest. Ledges aeeeaes 0.95° 
BOs « oc'aasdvicasnavdnadaeseedeeeivalstaac sweets CAF O96 ccs emer 0.95° 
CSS Shaper eer epee ere recon perc seve Os5H. O.82 0.48 0.71 0.81 0.94? 
Bibs sapesaseseacestenaccd sexe eccens etre Oak} OcAy  ecantr iacasdyl aderesh “weeaes 


The authors have been able to discover but few general rela- 
tions from a study of these curves; each salt seems to have a 
more or less specific behavior of its own. However, a comparison 
of the two groups of curves in Plate IV brings out clearly the 
marked superiority of water over ammonia as an ionizing solvent. 
It is also evident that in ammonia solutions the anions exert a 
greater influence on the dissociation than the cations, for the 


1 The values for Aj used in calculating a for ammonia solutions are KNOs; = 338 
KBr = 341, NaNO3 = 298, NaCl = 302, NaBr= 302, NaI == 302, NHyNO3= 300, NH,Cl NH,Br, 
NH,I = 304, LiNO3 = 290, TINO; == 325, AZNO3 = 290, AgI = 290. The data from which the 
above values are obtained are found partly in our earlier paper: Loc. cit. 

* The values of a for the aqueous solutions are calculated from data from the following 
sources: Kohlrausch und Holborn: ‘‘Leitvermégen der Elektrolyte,” p. 159. Measure- 
ments at 18°. 

8 Jones and Douglas: Am. Chem. J., 26, 443 (1901). Measurements at 0°. 

# Jones and Getman: Zéschr. phys. Chem., 46, 270 (19¢3). Measurements at 0°. 

5 “Leitvermégen der Elektrolyte,” p. 162. Measurements at 25°. 

5 Ay taken from paper of Jones and Getman: Loc. cit. 

7 Jones and Getman: Zéschr. Phys. Chem., 49, 394 (1904). Measurements at 0°. 
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iodides are conspicuously the most highly ionized of the salts stud- 
ied. The iodides are followed in order by the bromides and chlo- 
rides. The nitrates occupy a position between the iodides and chlo- 
rides, being more highly ionized than the bromides in the case of 
the ammonium salts and less so in the case of the potassium salts, 
Sodium bromide and sodium nitrate are dissociated to practically 
the same extent. The effect of the cations on the dissociation is 
more variable and indeed the observations are too meager to allow 
general relations to be recognized. 

In a number of cases the order of ionization changes with the 
dilution as is shown by the cutting of the curve for sodium nitrate 
by that for ammonium nitrate, of the curve for sodium nitrate 
and sodium bromide by ammonium bromide, of the curves for 
sodium nitrate, ammonium bromide, potassium bromide, thallium 
nitrate, potassium nitrate and ammonium chloride by those for 
lithium nitrate and silver nitrate, of thecurves for potassium nitrate 
and ammonium chloride by that of potassium metanitrobenzene- 
sulphonate, etc. In the more concentrated solutions this crossing 
of the curves must represent the facts. In the higher dilutions, 
however, the curves may wander more or less widely from their 
true positions as a result of the uncertainty in the determinations 
of the value for A,, used in calculating the degree of ionization. 

That a similar variability in the extent and order of ionization 
characterizes the behavior of uni-univalent salts in aqueous solu- 
tions is shown by the curves in Plate IV, which are plotted from 
data given by Kohlrausch and Holborn.' 

As nearly as can be judged from the available data the order 
of ionization of the halogen salts is the same as in ammonia so- 
lutions, while the nitrates show a lower degree of dissociation than 
any of the halogen salts. A conspicuous difference in the action 
of the two solvents is shown by the behavior of the potassium 
salts. In water these are uniformly more highly ionized than 
the sodium salts and they also probably excel the ammonium 
salts in this respect. For example, the dissociation of potassium 
chloride, potassium nitrate, and potassium acetate is for each 
much higher than the corresponding sodium salt. In ammonia 
the potassium salts are least dissociated, that is, potassium nitrate 
and bromide are ionized to a less extent respectively than the cor- 
responding salts of either sodium or ammonium. Of the two so 


1“ Leitvermdgen der Elektrolyte’’, p. 159. 
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jutes potassium nitrate and sodium nitrate, the latter is more 
highly ionized in ammonia, while the former is ionized to the 
greater extent in water. Ammonium chloride is dissociated to a 
considerably greater extent in aqueous solution than either sodium 
nitrate or potassium nitrate, while in ammonia solution, with the 
exception of silver iodide, it undergoes less dissociation than any 
other salt measured. An inspection of the curves in Plate IV 
also shows that a similar cutting of the ionization curves is quite 
as characteristic of aqueous solutions as itis of solutions in am- 
monia. Conspicuous in this respect is silver nitrate in cutting 
the curves for lithium chloride and potassium acetate in con- 
centrated solution and the curves for ammonium chloride, sodium 
chloride and sodium nitrate in dilute solutions, and sodium ni- 
trate in cutting the curves for lithium chloride and potassium ni- 
trate in one direction in the concentrated solutions and back again 
at higher dilutions. The curves for potassium hydroxide and hy- 
drochloric acid cut each other, and these in turn both cut the 
curves for potassium iodide, potassium chloride and ammonium 
chloride. As is true of ammonia solutions, so also for aqueous 
solutions, this crossing of curves must represent the facts, at any 
rate in the more concentrated solutions. This comportment of 
the dissociation curves is, asis well known, entirely out of har- 
mony with Ostwald’s dilution law. 
SUMMARY OF RESULTS. 

Measurements have been made of the conductivity of thirty- 
seven substances in liquid ammonia solution, in addition to those 
recorded in our earlier paper. 

The specific conductivity of liquid ammonia at its boiling- 
point, —33°, is below o.o1 x 10° Kohlrausch units. This is es- 
pecially to be noted in view of the fact that a much higher value 
has found its way into the literature. 





The acid amides are conductors of electricity inammonia solu- 
tion; some of them conduct very poorly while some substituted 
acid amides form solutions which carry the current with a facility 
equal to that of the uni-univalent salts. A table and a plate are 
given showing the comparative conductivities of the acid amides 
at different dilutions. 

Many nitro-compounds, aromatic as well as paraffin, give solu- 
tions which are excellent conductors. Some of these solutions 
are strongly and characteristically colored. Curves showing the 
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variation in the conductivities of these compounds with dilution 
are given in a plate along with the acid amides. 

Nitromethane forms two addition products with the formulae 
respectively, CH,NO,.2NH, and CH,NO,.NH,. Both compounds 
lose their ammonia when warmed up to laboratory temperature 
at the atmospheric pressure. 

Tetranitromethane forms one addition product with ammonia 
having the formula C(NO,),.NH;. Excess of ammonia above one 
molecule brings about the decomposition of the tetranitromethane 
and the formation of the ammonium salt of trinitromethane, 
This compound is very easily soluble in ammonia and formsa 
solution possessing an excellent conductivity. 

The cyanides of the heavy metals and cyanacetamide, when 
dissolved in ammonia, show the remarkable phenomenon of a de- 
crease of the molecular conductivity with the dilution in the 
more concentrated solutions. As the dilution increases the con- 
ductivity passes through a minimum and then increases with the 
dilution in the manner characteristic of salts in general. 

The uni-univalent salts show a wide variation in conductivity 
and degree of ionization with the dilution. Tables and curves 
are given showing these relations and comparing the behavior of 
salts in solution in ammonia with their behavior in aqueous 
solutions. 

In conclusion the authors take pleasure in acknowledging their 
indebtedness to Mr. Alex. Monroe for a liberal grant for carry- 
ing on this investigation and to Professor Lucien I. Blake, of the 
Department of Physics in the University of Kansas, for gener- 

: ously placing at their disposal the facilities of his department. 

LELAND STANFORD, JR., UNIVERSITY AND 

THE UNIVERSITY OF KANSAS. 
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A REVISION OF THE ATOPIC WEIGHT OF CADIIIUS1. 
PRELIMINARY PAPER.—THE ANALYSIS OF CADMIUM CHLORIDE. 


By GREGORY PAUL BAXTER AND MURRAY ARNOLD HINES. 


Received January 5, 1905. 
In a recent determination of the specific gravity of cadmium 
chloride,’ anhydrous cadmium chloride was prepared by ignition 


1 Baxter and Hines: Am. Chem. /., 31, 220 (1904). 
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of a double chloride of cadmium and ammonium in a current of 
hydrochloric acid gas, in a state of so great purity that it was 
considered worth while to make use of the salt for a determina- 
tion of the atomic weight of cadmium. There is no lack of data 
concerning the atomic weight of this element, more than twenty 
different determinations having been made, which gave values 
between 111.77 and 112.39 (O=16.000).' Of these determina- 
tions those of Morse and Jones? and Morse and Arbuckle? upon 
the ratio Cd:CdO, which yielded the value 112.38, and that of 
Bucher* upon the ratios CdCl,:2AgCl and CdBr,: 2AgBr which 
yielded the values 112.37 and :12.39 seem most reliable, and 
the International Committee on Atomic Weights has adopted 
the value 112.4 in its reports. Our results indicate that the 
real value for the constant in question is almost one-tenth of a 
unit higher than the above value. A critical discussion of the 
earlier determinations will, however, be postponed until further 
investigation upon the subject, now under way, is completed. 
PURIFICATION OF MATERIALS. 

Cadmium Chloride.—The general method of purification of the 
cadmium material was that of fractionally precipitating cadmium 
sulphide. One kilogram of metallic cadmium was dissolved in 
aqua regia, the solution boiled to expel chlorine and oxides 
of nitrogen, filtered, and diluted to about 4 liters. The solu- 
tion contained traces of copper, thallium, nickel, iron and zinc. 
When a current of hydrogen sulphide was passed through the so- 
lution, the first small fraction of cadmium sulphide which was 
precipitated was dark-colored, nearly black, owing to the pres- 
ence of copper and thallium. This fraction was removed by fil- 
tration and rejected. A second larger fraction of the sulphide, 
although it contained no appreciable amount of copper or thal- 
lium, also was discarded. The third fraction consisted of all 
that could be precipitated by saturating the solution with hy- 
drogen sulphide. However, this did not contain more than one- 
quarter of the original material, for the solution was very 
strongly acid, owing to the large excess of acid used in dis- 
solving the metal and the accumulation of the acid formed 


1 Clarke: “Constants of Nature, A Recalculation of Atomic Weights.” Smithsonian 
Miscellaneous Collections, 1897. ‘ 

2 Am. Chem. J., 14, 261 (1892). 

3 Ibid., 20, 536 (1898). 

* Doctoral dissertation, Johns Hopkins University, Baltimore, 1895. 
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during the precipitation. The solution was separated from the 
precipitate by decantation, and was then diluted to sixteen liters, 
Upon saturating this solution with hydrogen sulphide a fourth 
fraction of cadmium sulphide was obtained, and a second dilution 
of the solution made possible the precipitation of nearly all the 
remainder of the cadmium in still a fifth fraction. 

The third, fourth and fifth fractions of the sulphide were sep. 
arately washed until free from chlorides. As the electrolytes 
were eliminated, the cadmium sulphide showed a tendency to 
pass into a colloidal condition, which necessitated long standing 
for the precipitate to settle after each washing, although the 
flasks which contained the precipitates were kept warm by being 
placed upon a steam radiator. During the washing the original 
fine yellow precipitate was gradually converted into an orange. 
red crystalline modification. When, as was usually the case, 
both forms were present in the same flask, the red form quickly 
settled to the bottom with a sharp line of division from the yel- 
low form. Nearly all the yellow form was changed into the red 
modification upon standing about three weeks. 

In order to free the sulphide from included and occluded im- 
purities it was dissolved and reprecipitated| The red form of 
the sulphide was apparently insoluble in dilute sulphuric acid, 
for in one case the washed sulphide was boiled with the acid for 
twelve hours without any appreciable amount of solution. 
Finally, hydrochloric acid was used to dissolve the cadmium sul- 
phide. The solution of each fraction was diluted to eight liters 
and was saturated with hydrogen sulphide. Since only a por- 
tion of the cadmium was precipitated in this way, owing to the 
large excess of acid, the acid was partially neutralized with am- 
monia. ‘This resulted in the precipitation of more cadmium sul- 
phide, although the solution still contained considerable cad- 
mium, for cadmium sulphide is soluble to a marked extent in an 
acid solution of ammonium chloride. 

The sulphide obtained from each of the original three fractions 
both before and after the addition of ammonia was combined 
and washed until free from chlorides. Each fraction was dis 
solved in redistilled nitric acid, then enough redistilled sulphu- 
ric acid to convert the nitrate into sulphate was added, and the 
solutions were evaporated and the residues heated until all 
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volatile acids were expelled. Finally the sulphate was recrys- 
tallized three times from aqueous solution. 

The cadmium sulphate was converted into cadmium chloride 
by first obtaining metallic cadmium electrolytically. A satura- 
ted solution of cadmium sulphate was electrolyzed with about 
one ampere current per square decimeter in a platinum dish, 
which served as the cathode, until deposition ceased. After the 
deposit of metal had been thoroughly washed with hot water 
until free from sulphate, it was dissolved in hydrochloric acid 
which had been distilled with the use of a platinum condenser. 

In order to prepare the double chloride of cadmium and am- 
monium of the formula CdCl,NH,Cl, the calculated amount of 
ammonium chloride was added to the cadmium chloride and the 
solution evaporated to crystallization. This ammonium 
chloride was synthesized from hydrochloric acid and ammonia. 
The hydrochloric acid had been distilled in platinum, and the 
ammonia had been freed from amines and purified as follows: 
Ammonium chloride was boiled with concentrated nitric acid for 
about twenty hours, and then after crystallization was converted 
into ammonia by distillation with sodium hydroxide. The solu- 
tion of pure ammonia was distilled into the pure hydrochloric 
acid in a platinum dish, and the solution of ammonium chloride 
was evaporated to crystallization. 

The cadmium ammonium chloride was crystallized in a plati- 
num dish, eight times in the case of the first fraction, four times 
in the case of the second fraction. The third fraction of the sul- 
phide was not converted into the double chloride, but this ma- 
terial will be investigated in a research upon cadmium bromide 
now in progress. The first fraction is designated as Sample 1, 
Fraction 1, the second as Sample 1, Fraction 2. 

A third specimen used in the analyses was a portion of that 
employed in the determination of the specific gravity of cad- 
mium chloride. This is designated as Sample 2. The method 
of purification of Sample 2 was almost exactly identical with 
that described above, except that the original material was not 
fractionated with hydrogen sulphide. 

Silver.—In the preparation of pure silver essentially the same 
method was employed as in other atomic weight investigations 
in this laboratory. The various treatments consisted in thrice 
precipitating the silver from a strongly acid solution of silver 
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nitrate in nitric acid with a large excess of hydrochloric acid, 
with intermediate reduction of the silver chloride in each case by 
means of invert sugar and sodium hydroxide. The final product 
of metallic silver was fused on charcoal in the flame of a blow- 
pipe. Then the buttons were converted into electrolytic crys- 
tals, and finally these crystals were fused in a current of elec- 
trolytic hydrogen in a boat of pure lime. Richards and Wells, 
in a recent investigation of the purity of silver purified by differ- 
ent methods, have found that silver prepared in the above fash- 
ion is at least as pure as any.' Two different samples, purified 
in the same way, were employed in this research. One was pre- 
pared especially for this investigation and was used in Analyses 
4,5 and 6. The other was a portion of the material employed 
in an investigation upon the atomic weight of iodine by one of 
us’ (Analyses 7, 8 and 9). 
METHOD OF ANALYSIS. 


The method of analysis differed little from that used in the 
analysis of halogen salts in recent atomic weight investigations 
in this laboratory. A portion of the cadmium ammonium chlo- 
ride, contained in a platinum boat in a hard glass tube, was 
heated in a current of pure dry hydrochloric acid gas until all of 
the ammonium chloride had been expelled. After the salt had 
cooled, the hydrochloric acid was displaced by pure dry nitro- 
gen, and this in turn by dry air. The boat was transferred toa 
weighing-bottle and the stopper inserted without an instant’s ex- 
posure of the salt to moisture, by means of the bottling appara- 
tus which has been frequently described in papers from this lab- 
oratory.? After standing in a desiccator near the balance for 
some time, the weighing-bottle and boat containing the salt 
were weighed. 

The apparatus used for the expulsion of the ammonium chlo- 
ride from the double salt was the same as in the work upon the 
specific gravity of cadmium chloride.* Sublimation of the cad- 
mium chloride always took place to some extent during the heat- 
ing, and the sublimed salt occasioned some difficulty since it 
flowed down the inside of the glass tube and, upon solidification, 


1 This research is soon to be published by the Carnegie institution. 
2 Baxter : Proc. Am. Acad., 40, 419 (1904) ; This Journal, 26, 1577. 

3 Richards and Parker: Proc. Am. Acad., 32,59 (1896). 

4 Loc. cit. 
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firmly cemented the boat to the tube. Furthermore, the salt 
which adhered to the outside of the boat had thus been fused in 
contact with glass, and hence must have been impure. Both 
these difficulties were avoided by supporting the boat upon a 
carriage of heavy platinum wire. While the salt was still warm 
and the current of hydrochloric acid gas was still passing, the 
boat was pushed out of the carriage by means of a long glass 
rod. Neglect to observe the latter precaution usually resulted 
in the cementing of the boat to the carriage by the salt which 
had condensed upon the outside of the boat. 

It has already been shown that barium and calcium chlorides 
when they have been fused and allowed to solidify in an atmos- 
phere of hydrochloric acid gas, occlude none of the gas,’ for they 
give neutral solutions ; hence it is reasonable to conclude that 
this is the case with cadmium chloride also. However, in order 
to test this point, in Analysis 9, the hydrochloric acid was dis- 
placed by nitrogen while the salt was still warm, and in Anal- 
ysis 8 the salt was allowed to solidify only when the hydrochloric 
acid had been almost completely displaced by nitrogen. Inone 
experiment where the hydrochloric acid had been completely dis- 
placed by nitrogen, the boat became covered with a gray coat- 
ing which turned brown, and finally volatilized when the boat 
was ignited. This coating undoubtedly consisted of metallic 
cadmium, formed by the dissociation of cadmium chloride va- 
por. The close agreement of the results of Analyses 8 and 9 
with those obtained in the other analyses where the salt solidi- 
fied and cooled in hydrochloric acid, shows conclusively that no 
appreciable amount of hydrochloric acid was occluded by the 
salt. 

It was shown in our determination of the specific gravity of 
cadmium chloride, that the salt when prepared in this way con- 
tains no ammonium chloride. It is probable that the cadmium 
chloride contains no basic compound, since no insoluble salt is 
produced when the chloride is dissolved in water. The aqueous 
solution of the salt invariably contained a few tenths of a milli- 
gram of black insoluble matter which consisted chiefly of plat- 
inum. The presence of this platinum was undoubtedly due par- 
tially to slight attacking of the boat, owing perhaps to contam- 
ination of the hydrochloric acid with traces of air. The slight 


! Richards: Proc. Am. Acad., 29, 59 (1893); This Journal, 24, 376 (1902). 
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loss in weight of the boat which resulted in most of the analy- 
ses was not sufficient to account for all the insoluble residue, 
which, therefore, must have had its source, in part, in the orig- 
inal material. Whether the platinum was dissolved from the 
platinum condenser during the distillation of the hydrochloric 
acid, or from the platinum dish during the solution of the cad- 
mium is uncertain. At all events, the temperature to which the 
salt was heated must have been sufficient to decompose all the 
platinic or platinous chlorides present, and since the insoluble 
residue was filtered out and weighed, and corrections applied to 
the weight of the salt both for the loss in weight of the boat and 
for the insoluble matter, no appreciable error could have been 
introduced by the platinum. 

After the salt had been weighed, the boat was transferred to 
a flask and the salt was dissolved in about 200 cc. of the purest 
water. The weighing-bottle was rinsed and the rinsings were 
added to the solutiun. Next the solution was filtered into the 
precipitating flask through a tiny filter to collect the insoluble 
matter. Filter-paper and residue were then ignited in a weighed 
porcelain crucible. 

In the preliminary analyses the ratio of cadmium chloride to 
silver chloride was determined by adding to the solution of cad- 
mium chloride, which had been diluted in the precipitating flask 
until not stronger than 1 per cent., a solution of a slight excess 
of silver nitrate of very nearly the same concentration. The 
flask, which was provided with a ground-glass stopper, was 
shaken for some time, and was allowed to stand until the solu- 
tion was clear. Then the precipitate of silver chloride was trans- 
ferred to a Gooch crucible, after it had been washed by decan- 
tation six to eight times with about 150 ce. of a very dilute sil- 
ver nitrate solution, and finally several times with pure water. 
Needless to say, the operations of precipitation and filtration 
were performed in a room lighted only with ruby light. The 
crucible with the precipitate was placed in an air-bath and 
heated for several hours at 130°-140° C., and after it had cooled 
in a desiccator it was weighed. In order to determine how much 
moisture was retained by the precipitate in each case, it was 
transferred to a clean porcelain crucible and weighed, then the 
salt was fused by heating the small crucible, contained in a larger 
covered crucible, and again weighed. Two different specimens 
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of silver chloride from analyses were separately dissolved in am- 
monia and reprecipitated with hydrochloric acid, and the filtrate, 
after evaporation, was tested for cadmium. Negative results 
were obtained in both cases. 

The determination of the silver chloride dissolved in the wash- 
waters was the most difficult step in the analysis. At first the 
last few washings, those which had been cairied out with pure 
water and which were the only ones which could have contained 
dissolved silver chloride, were evaporated to small bulk and an 
excess of silver nitrate was added. The precipitate of silver 
chloride, together with any asbestos which had been displaced 
from the Gooch crucible were collected upon a small filter which 
was ignited and weighed. Owing to the combined effect of or- 
ganic matter and light upon these solutions the precipitate was 
always too heavy. Hence this method was finally discarded. 
Four preliminary results obtained in this way varied between 
112.393 and 112.455 for the atomic weight of cadmium. 

In order to avoid this error, in the final series the silver chlo- 
ride dissolved in the wash-waters was determined by precipita- 
ting the chloride in 25-cc. portions of the solution with an excess 
of silver nitrate and comparing in a nephelometer' the precipi- 
tate produced with that from solutions prepared from standard 
hydrochloric acid solutions. At least two comparisons were made 
in each analysis. 

The weight of pure silver required exactly to combine with the 
chlorine in cadmium chloride was also determined. From the 
weight of cadmium chloride very nearly the necessary quantity 
of pure silver was calculated. This silver was weighed out and 
dissolved, in a flask provided with a column of bulbs to prevent 
loss of silver by spattering, in distilled nitric acid diluted with 
an equal volume of water. After the silver was dissolved, the 
solution was diluted somewhat and heated until free from nitrous 
fumes. Then it was diluted until not stronger than 1 per cent., 
and was slowly added to the 1 per cent. solution of cadmium 
chloride in the precipitating flask. After several minutes’ sha- 
king it was allowed to stand several days, with occasional sha- 
king, until the solution was perfectly clear. Portions of the so- 
lution were then tested in the nephelometer for excess of chlorine 
or silver, and, if necessary, either standard silver nitrate or hy- 


' Richards and Wells: Am. Chem. /., 31, 235 (1904). 
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drochloric acid solution was added, and the process of shaking 
and testing repeated until the amounts of chlorine and silver in 
the solution were equivalent. 

A vacuum correction of +0.000156 gram was applied for every 
apparent gram of cadmium chloride, of -+ 0.000075 gram for every 
apparent gram of silver chloride, and of —o.o00031 gram for 
every apparent gram of silver. 

\ll weighings were made by substitution, with tare vessels as 
nearly as possible like those weighed. The gold-plated brass 
weights were twice carefully standardized to hundredths of a 
milligram. 

In the calculations the atomic weight of silver is assumed to 
be 107.93, and that of chlorine 35.473, according to the very re- 
cent work of Richards and Wells. 

The close agreement of the results in each series leaves little 
doubt of the identity of the different samples, although they 
represent material from different sources as well as different 
fractions of the same material. The slight discrepancy between 
the results by the two methods is undoubtedly due, in part, to 
the dificultyin determining silver chloride with accuracy, owing, 
in the first place, to loss of chlorine by the silver chloride in the 
processes of manipulation and drying, and in the second place 
tothe slight solubility of silver chloride even in dilute silver nitrate 
solutions. In the light of these possibilities, it is probable that 
the results of Series I are slightly too high. On the other hand, 
it is probable that the average of Series II is slightly too low, 
for the average of Experiments 7, 8 and 9, in which the expe- 
gained in the previous analyses was a very considerable 
aid, is 112.468, 0.006 of a unit higher than the aver- 
age of the whole series. The average of Series I and II, 112.47, 
undoubtedly represents very closely the true atomic weight of 
cadmium (Ag=107.93). If the atomic weight of silver referred 
to oxygen (16.000) is assumed to be 107.92, as seems probable 
from Richards and Wells’ work upon chlorine, the atomic weight 
of cadmium is lowered to 112.46. 

The atomic weight of cadmium is still under investigation in 
this laboratory, through the analysis of cadmium bromide. 

We are indebted to Dr. Wolcott Gibbs and to the Cyrus M. 
Warren Fund for Research in Harvard University for many in- 
dispensable platinum vessels. 


CAMBRIDGE, MAss., December 31, 1904. 
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ELECTROSTENOLYSIS AND FARADAY’S LAW. 


By THEODORE W. RICHARDS AND BURRITT S. LACY. 


Received January 16, 1905. 


Ir will be remembered that electrostenolysis is the name 
usually applied to the deposition of certain metals in capillary 
tubes during the passage of a current. This singular phenome- 
non was first noted by Braun, and subsequently an explanation 
was offered by Coehn.* 

The deposition occurs as a rule only under circumstances 
capable of producing considerable endosmose—namely, when the 
fall of the potential in the capillary is great. After the capillary 
has been lined or plugged with deposited metal, its ends act as 
minute secondary electrodes within the liquid, giving rise to 
secondary cathodic and anodic reactions. The phenomenon is 
most easily demonstrated by using as capillaries the fine cracks, 
caused by the plunging of a hot glass tube into water. Sucha 
cracked tube is inserted, as a porous cup would be, between the 
regular anode and cathode. If the cracks are not too widely 
opened or too plentiful, it is easily possible to deposit as much 
as a third of the silver corresponding to the current upon the glass 
tube. 

Although the phenomenon seemed almost certainly to concern 
the neighborhood of the capillary alone, and to be without 
probable influenee on the mechanism of the normal deionization 
of the metal, it was nevertheless deemed advisable to prove that 
it could not affect the weight of the normal cathode deposit. 
This proof is all the more important because the interposition 
of a porous cup (or system of capillaries) has been recently sug- 
gested as an essential part of any accurate electrolytic apparatus 
for measuring electrical quantity.* 

It is true that in no case has an actual electrostenolytic depo- 
sition been noticed in a porous cup thus used, and also true 
that the same quantitative result is attained when no porous 
cup is interposed and diffusion is prevented by gravity alone, 
but in so important a matter no stone should be left unturned. 

A glass tube, with one end sealed and partially cracked, was 
bent into the shape of the letter N, and filled with dilute silver 


1 Zischr. Elektrochem., 4, 501 (1898); Ztschr. phys. Chem., 2§, 651 (1898). 
2 Richards, Collins and Heimrod: Proc. Am. Acad., 35, 123 (1899); 37» 415 (1992). 
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nitrate. The cracked end was immersed in a platinum crucible 
containing the same solution, the acid liquid forming around 
the cracked end being kept away from the crucible by means of 
a porous cup. A silver anode was placed in the open end of the 
bent tube, and a current was sent in series through this cell and 
through a standard porous cup voltameter. The fall in poten- 
tial in the total circuit was 14 volts, the resistance being over a 
thousand ohms, chiefly in the capillary cracks. The electro- 
stenolytic silver formed usually weighed about 5 centigrams and 
the silver peroxide weighed 5 milligrams. Three trials were made, 
with ordinary analytical precautions, but no extraordinary care. 
The weights of cathode silver found in the cell complicated by 
electrostenolysis were respectively 0.2213, 0.2532, 0.1432, while 
the standard coulometer yielded 0.2213, 0.2527, 0.1432. Thus 
the results were identical within the limit of error of the work. 
This outcome is consistent with Coehn’s hypothesis. 

Therefore, it was proved that the complication of electro- 
stenolytic deposition does not affect the weight of the true cath- 
ode deposit, or the exact application of Faraday’s law. 


HARVARD UNIVERSITY. 


ON THE COPMPLEXITY OF BERYLLIU!; A DISCUSSION. 
By CHARLES LATHROP PARSONS. 
Received February 3, 1905. 

KRUSS AND MoRAnT! noting the presence of a foreign substance 
in their ammonium carbonate solution of beryllium hydroxide, 
which yielded a black precipitate on treatment with ammonium 
sulphide, implied that a possible new element was under consid- 
eration. This claim was not directly made by them, but the 
fact that they stated it yielded a black sulphide, but a white 
hydroxide, left no other apparent conclusion. The writer during 
an extened investigation on beryllium collected a notable quantity 
of this substance under conditions similar to those which obtained 
in Kriiss and Moraht’s work, and showed that it consisted almost 
if not entirely of a mixture of zinc and iron sulphides, but mainly 
of zinc’. No evidence of the presence of any other substance 
was obtained. Pollok* also showed that this precipitate consisted 


1 Ann, Chem. (Liebig), 262, 47. 
* Ztschr.anorg. Chem., 40, 407; This Journal, 26, 727, 
J. Chem. Soc. (ondon), 1904, p. 604. 
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mainly of zinc and iron, but he found also some nickel and thought 
that another unknown substance might be present. His con- 
clusions appeared shortly before my own, but did not come to 
my attention in time to acknowledge the fact in my paper. 

Now another paper has appeared by Pollok’ in which he reas- 
serts his belief that the Krtiss and Moraht precipitate contains a 
a new rare element and claims to have, himself, proved the pres- 
ence of another new element accompanying beryllium, evidently 
in large quantities, for in a single fractional distillation made in a 
porcelain tube he obtained over 0.4 gram of a chloride which, on 
analysis, gave an atomic weight as high as 37 for this second new 
element. I say second, for under no possibility could this be the 
same as that of Kriiss and Moraht, which yielded colored com- 
pounds and all of which Pollok had first carefullly removed by 
treatment with ammonium sulphide. These results are, to say 
the least, startling. Pollok claims by a single recrystallization of 
the sulphate to have obtained an increase in the equivalent of 
the metal in the first crop of crystals over the second, in face of the 
fact that many previous investigators, after many recrystalliza- 
tions and rejections of the mother-liquors carrying presumably 
the beryllium of lower atomic weight, have noticed no similar 
results. Also every sublimation of the chloride gave a more 
volatile constituent which must, from the analysis, contain much 
more than the normal equivalent of the metal and although the 
removal of this metal with a higher atomic weight in such large 
quantities would, of necessity, much reduce the atomic weight of 
the true beryllium, no such result is obvious nor are any experi- 
ments cited to show the fact. The results obtained by volatiliz- 
ing the chloride give a basic portion varying in its equivalent from 
4.77 to 18.74, and, in the one case given, retreatment reduced 
the equivalent. 

It is certainly to be regretted that Pollok has not given full 
details of manipulation, for if, by any chance, the gas passed 
through his distilling apparatus was not perfectly dry, as he 
thought, his results are easily explained, or if his beryllium 
chloride was exposed to the air for even an instant in being trans- 
ferred to the vessel in which it was dissolved, chlorine was almost 
certainly lost in the form of hydrochloric acid. Pollok speaks of 
“‘scraping out”’ the beryllium chloride, which would indicate that 


1 J, Chem Soc. (ondon), 1904, p. 1630. 
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he uses the same method outlined by him in a previous paper’ 
in which the chloride was scraped from the sublimation tube 
into a drying bottle, inevitably coming into contact with the air 
of the room. In fact he speaks of the great difficulty of trans- 
ferring and weighing his chloride on account of its great hygro- 
scopicity and in his calculations considers the absorbed moisture, 
which was admittedly present, but does not take into account the 
chief fact that this moisture immediately decomposes the chlo- 
ride with certain loss of chlorine. 

It has long been known that beryllium chloride is especially 
subject to decomposition by the slightest traces of moisture, and 
it is a peculiarity also of this chloride that the residue left is not 
effected in solubility by such action nor in any of its ordinary 
reactions after it is dissolved. In fact, one equivalent of hydro- 
chloric acid will dissolve several equivalents of the basic carbon- 
ate. Also by the action of a slight amount of moisture on the 
perfectly anhydrous chloride, a chloride can be obtained apparently 
dry, perfectly soluble and still giving a hissing noise as it dissolves, 
which contains a number of equivalents of beryllium to one of 
chlorine. This is also true to a varying extent with the acetate, 
sulphate, etc., as I have elsewhere pointed out.” 

To properly dry a gas which is to come in contact with any of 
the beryllium halides and leave them unchanged is no easy prob- 
lem. Even with magnesium chloride, which is much less affected 
than the beryllium salt, Richards has shown‘ that to use sulphuric 
acid as a desiccating agent a number of towers had to be used 
with fresh acid continually flowing through them. Ordinary 
gas drying bottles can not safely be used for this purpose with 
any reagent, and calcium chloride is useless. Morley‘ has de- 
scribed probably the best drying apparatus known, in which 
phosphoric anhydride removes all but the merest traces of water. 
It is certain that some such appliance as this must be used if any 
data are to be obtained as to the beryllium equivalent from its 
chloride. Awdejews’ high results on the chloride were undoubt- 
edly due to the action of water, as I have already pointed out,5 
he having dried his gas by calcium chloride only. Indeed, the 
thorough drying of the gas itself is not the only problem to be 


1 Trans. Roy. Soc., Dublin (2), 8, 150 (1904). 

* Ztschr. anorg. Chem., 42, 254; This Journal, 26, 1437. 
) Ztschr. anorg. Chem., 13, 94. 

* Am. J. Sct., 34, 199; This Journal, 26, 1171. 

° Zischr. anorg Chem., 40, 400; This Journal, 26, 721. 
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overcome, for Richards has shown that even with magnesium 
chloride! the sublimed salt must be sealed in a perfectly dry 
atmosphere before being taken from the distillation tube and 
precautions taken against loss of chlorine in its solution. 

It will be noticed in this connection that all duplicates given 
by Pollok of analyses are evidently of aliquot portions of the solu- 
tions after the chloride has been dissolved and not of separate 
portions of chloride dissolved separately. As none of the sepa- 
rate experiments give results alike, but all, without exception, 
yield only a chloride with a high equivalent of metal, it would 
certainly seem as if the trouble must be in the methods used, 
for otherwise the true beryllium left in his less volatile chloride 
must decrease in atomic weight. Until such a result is shown 
and full details of manipulation given, Pollok’s conclusions must 
be accepted with great hesitancy. If, by his single recrystalliza- 
tion of the sulphate, he did not succeed in removing all of the excess 
of sulphuric acid originally present, it is not at all surprising that 
his second crop of crystals yielded a lower percentage of beryllium. 

It is equally impossible to discuss Pollok’s spectroscopic results 
for there is nothing to indicate which lines grew brighter or fainter 
by the separation of the new beryllium from the old. The two 
lines, 3274 and 3247, which he does cite as belonging to some other 
element, are suspiciously close to two of the prominent lines of 
the spark spectrum of copper, although there is nothing else to 
indicate that copper could be present. 

I am far from stating or believing that a new element may not 
be present in beryl in minute quantities, but I have never seen 
anything to indicate it, although I have obtained results quite 
similar to Pollok’s by the action of water on the chloride of 
beryllium. 

It is true that my work was upon American beryl so far as the 
identity of my material was known, although I used a large amount 
of beryllium hydroxide obtained from Kahlbaum, which may perhaps 
have come from the beryl of Limoges. The latter beryl was, how- 
ever, the source of supply of many of the European investigators, 
and it would indeed be strange if this particular beryl contained 
a new element in quantity sufficiently large to increase the 
basic constituent 0.6 per cent. by a single fractional crys- 
tallization of the sulphate, without previous discovery. 


1 Ztschr. anorg. Chem., 13, 84. 
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Although negative results are seldom published, there can be 
little doubt that Nilson and Pettersson also obtained results 
entirely similar to those of Pollok but soon found the true expla- 
nation. They claimed that beryllium chloride also attacked 
glass, but overcame both difficulties sufficiently for vapor density 
determinations in one of their best researches, ‘‘Ueber ein neues 
mit exacter Temperature Bestimmung verbundenes Verfahren zur 
Festellung der Dampfdicte fleuchtiger Korper!, which is, unfor- 
tunately, too little quoted. There can be no question that they 
and other investigators of the atomic weight of beryllium would 
have used the chloride but for the extreme difficulties of its manip- 
ulation which, unconquered, alwavs lead to results tending in 
the same direction as those of Pollok. 


Vv HAMPSHIRE COLLEGE, 


\URHAM, N. H., Feb. 1, 1905. 


A CORRECTION. 
By WILLIAM A. NOYES AND HOWARD W. DoUGHTY.°* 
Received February 1, 1905. 

SoME time ago one of us* effected the synthesis of what were 
supposed to be ,3-dimethyladipic acid and a,{,3-trimethyladipic 
acid. Recently Blanc‘ has prepared the former acid by a method 
which seems not likely to involve a molecular rearrangement, 
but has found the properties of his acid radically different from 
those of ours. He has been kind enough to call our attention to 
the difference and to suggest that the formation of our acid may 
have been accompanied by a molecular rearrangement. 

On examination of the literature the close agreement between 
the melting-point of the acid which one of us has described as 
8,8-dimethyladipic acid and the melting-point of {-isopropyl- 
glutaric acid,® and also the agreement between the melting-point 
of the acid which was described as a,@,G-trimethyladipic acid 
and that of cis-a-methyl-3-isopropylglutaric acid® was noticed. 
The §-isopropylglutaric acid might have been formed in our syn- 
thesis as follows: The chlorisocaproic ester, 


1]. prakt. Chem, (2), 33> 1. 

* The work here described was carried out with the aid of the Carnegie Institution. 
8 This Journal, 23, 392 (1901). 

4 Compt. Rend., 139, 800. 

5 Howles, Thorpe and Udall: J. Chem. Soc., (London), 77, 942. 

6 Jbid., 77, 946. 
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cH, 
ScCICH,CH,CO,C.H,, 
CH, 
loses hydrochloric acid on boiling with the sodium malonic ester, 
giving pyroterebic ester, 
CH, 
C=CHCH,CO,H. 
CH, 
The pyroterebic ester might then add the sodium malonic ester 
with the formation of the sodium derivative of the ester, 





CH, 
> C—CH—CH,CO,C,H;. 
CH, 
CO,C,H, 
CH 
CO,C,H, 


This ester on saponification and less of carbon dioxide would 
give {-isopropylglutaric acid. On the other hand, if this ester 
were treated with sodium ethylate and methyl iodide, as was 
done in preparing the supposed a,{,@-trimethyladipic acid, it 


would give the ester, 


CHy 
DoH CHCO;GHs. 
CH,” | 
| CO,C,H, 
C(CH,) 
0,C,H, 


This, on saponification and loss of carbon dioxide, would give a- 
methyl-§-isopropylglutaric acid. 

A sample of the supposed $,3-dimethyladipic acid had fortu- 
nately been saved from the previous investigation and we have 
now prepared from it the anhydride by treating it with acetyl 
chloride, as described by Howles, Thorpe and Udall. 

The anhydride proved to be an oil, agreeing in this with the 
anhydride of §-isopropylglutaric acid, while our acid, if it were 
in reality dimethyladipic acid, should give no anhydride. 

Our first attempt to prepare the anilic acid gave a compound 
which decomposed with charring at 250°. This may possibly 
have been the dianilide or the anil, as the material was over- 
heated at one point in the preparation. On repeating the ex- 
periment, by mixing a solution of the anhydride in benzene with 
aniline the aniline salt of the anilic acid was obtained. After 
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crystallization this melts at 124°. The analyses gave 8.14 and 
8.16 per cent. of nitrogen; calculated for C,,H.,.O,N., 8.20 per 
cent. The anilic acid melted at 121°, as given by Howles, Thorpe 
and Udall.’ 

There is no doubt, therefore, that the acids which one of us 
formerly described as dimethyl- and trimethyladipic acids were 
in reality 3-isopropylglutaric acid and a-methyl-9-isopropylglu- 
taric acid. The acid which Blanc has described as ,3-dimethyl- 

' is, doubtless, what he supposes it to be, while the 
pure a,3,9-trimethyladipic acid is still unknown. 


adipic acid 


It may be added that, after the work published four years ago 
had been completed, a year or more was spent in the endeavor 
to secure a synthesis of a derivative of camphor from the acid, 
which was then supposed to be the trimethyladipic acid. The 
synthesis is tedious, but about 5 grams of the pure acid were finally 
obtained. This was converted into the ethyl ester and an attempt 
was made to condense this to a derivative of trimethylcyclopent- 
anone, ; 

CO,C,H; 
| 
| 
1 . 
CH;—C—CO, 
| 
CHy 7 
Pony 
CH, 
by heating it with sodium wire and toluene. This was unsuc- 
cessful, as was also an attempt to condense the ethyl ester of the 
supposed dimethyladipic acid in a similar manner. The cause 
of the failure is now apparent, but as no positive results were 
obtained, an account of that work has never been published. 
‘At the time the possibility that the supposed dimethyladipic 
acid might be, in reality, isopropylglutaric acid was more than 
once considered, but the suspicion was always dismissed because 
of the successful synthesis of trimethyleyclopentanone? which 


1 Loc. cit. 

* Am. Chem. J., 23,128; Ber. d. chem. Ges., 33, 54 (1900). In a paper published in 
1903 (Proc. Chem. Soc. (London) 19, 61; Chem. News, 87, 140), W. H. Perkin and be 
Thorpe stated in describing their synthesis of the a- and B-campholytic acids that their 
synthesis was the first of a compound containing the trimethylcyclopentane ring which 
ischaracteristic of camphor. I at once wrote to Professor Perkin reminding him of the 
synthesis which I had described more than three years before. He acknowledged my 
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had been effected with an acid prepared in a similar manner. It 
might seem, on a superficial examination, that the facts now 
given throw a doubt on the validity of that synthesis. On ex- 
amining the account of the work it will be seen, however, that 
in that synthesis bromisocaproic ester was used instead of the 
chlorisocaproic ester employed in the later work; further, that 
the trimethyladipic acid used was not purified, but was mixed 
with lime and distilled in its crude form. In the subsequent puri- 
fication of the ketone and its oxime the products derived from 
the methylisopropylglutaric acid, which was doubtless present, 
were separated and the pure oxime of trimethylcyclopentanone 
was obtained. The comparison of the oxime with that obtained 
from camphor, and especially the fact that mixtures of the 
two had the same melting-point as either alone, placed the fact 
of their identity beyond question. 

It seems probable, too, that the dimethylcyancarboxcthyl- 
cyclopentanone! and the dimethyldicarboxethylcyclopentanone,’ 
described by one of us, have the structure which has been as- 
signed to them. It is difficult otherwise to account for the prod- 
ucts formed by their saponification. 


JOHNS HOPKINS UNIVERSITY, BALTIMORE, 
3UREAU OF STANDARDS, WASHINGTON. 





PHOSPHORIC ACID DETERMINATIONS BY THE METHOD 
OF IGNITION WITH [MAGNESIUS1 NITRATE 
AND BY THAT OF DIGESTION 
WITH ACIDS. 


By B. lL. HARTWELL, A. W. BOSWORTH AND J. W. KELLOGG. 


Received January 4, 1905. 
THE method described by A. Neumann® provides for the de- 
struction of the organic matter by digesting the material in a 
Kjeldahl flask with a mixture of equal volumes of concentrated 


claim to priority and promised to correct the statement in his full paper, which was to 
appear later. When the full account of his work was published (J. Chem. Soc. (London) 
85, 128 (1904)) the erroneous statement referred to was omitted but no correction of the 
earlier statement was made. After further correspondence Professor Perkin has agreed 
that I shall publish the correction myself. W. A. NOYES. 

1 Am. Chem. J., 22, 260. 

2 This Journal, 23, 326. 

3 Archiv, of Anat. u. Physiol. Abth., 159 (1900); Ztschr. physiol. Chem., 37, 115 (1902 
1903); 71d, 43,32 (1904). See also E. Poher: An. d. 1. science Agronomique, 2d ser. 8, T. 2, 


441 (1902-1903). 
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sulphuric and nitric acids, adding small amounts of the acid 
mixture from time to time until the destruction of the organic 
matter is completed. Fifty grams of ammonium nitrate are 
then added to the cooled, diluted solution, the temperature is 
increased to 70° or 80°, and the molybdic mixture added. After 
fifteen to twenty minutes’ standing, the Solution is filtered and 
the phosphoric acid determined volumetrically in the precipitate. 
The method seemed to offer some advantages over the older 
methods, and it was decided to give it a trial in determining 
phosphoric acid in the oat plant and in turnips, using the method 
exactly as outlined, except that the ammonium phosphomolyb- 
date was dissolved in ammonium hydroxide, and the phosphoric 
acid determined gravimetrically in magnesium pyrophosphate, 
instead of using the volumetric method. A sample of oats 
which yielded 0.0377 gram of magnesium pyrophosphate by the 
saesium nitrate method of the Association of Official Agricultural 
ieinists yielded by the Neumann method, with fifteen to twenty 
utes’ digestion, only 0.0309 gram. In the case of turnip roots, 
,31 gram of magnesium pyrophosphate was obtained by the 
ignesium nitrate method and 0.0326 gram by the Neumann 
lod. Upon further digestion of the filtrate from the yellow 
pitate (ammonium phosphomolybdate) obtained by the 
\cumann method, more precipitate was obtained, indicating 
idvisability of a longer digestion. Other determinations 
next made in the same material by digesting for one hour 

The oats yielded 0.0321 gram and the turnip roots 0.0319 

as against 0.0377 and 0.0331 gram respectively by the 
sium nitrate method. There seemed to be some diffi- 
culty in obtaining all of the phosphoric acid by precipitating 
with molybdic mixture according to the conditions as outlined 
in the method, and even upon continuing the digestion for one 
hour at 65°. The method, as finally modified and used, was 
to neutralize the acid, after digestion, with ammonium hydrox- 
ide. The details of the method, as used in securing the results 
recorded on succeeding pages, referred to herein as the acid 
method, are as follows: Five grams of the substance are digested 
ina Kjeldahl flask. A low heat and small amount of the acid 
mixture are used at the beginning, the heat being gradually 
taised and subsequent small portions of the acid mixture added, 
in the manner described by Neumann, until the least amount 
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of acid has been used which is necessary for the destruction 
of the organic matter, perhaps 4o cc. in all. After diluting and 
cooling, the solution is made ammoniacal, acidified with nitric 
acid, and treated with the molybdic mixture’ of the Association 
of Official Agricultural Chemists to which 15 grams of ammonium 
nitrate per 50 cc. of solution have been added. Some difficulty 
was experienced at first in securing a complete precipitation of 
the ammonium phosphomolydate, due perhaps to the large 
amount of ammonium sulphate present. A large volume of 
solution, considerable excess of molybdic mixture, an extra 
amount of ammonium nitrate and digestion at 65° for a few hours 
were the conditions finally adopted. 

In order to compare the results obtained by the above method 
with those by a well-known method with which we were familiar, 
the following was selected. To 5 grams of substance in a porce- 
lain dish were added to cc. of the official magnesium nitrate 
solution’ and sufficient water to allow the entire mass to be moist- 
ened. The contents of the dish were dried and ignited. The 
residue was treated with hydrochloric acid and, after evaporating 
and drying at about 120° to avoid any possibility of the results 
being influenced by soluble silica, the mass was digested with 
hydrochloric acid. The filtered solution was neutralized with 
ammonium hydroxide, about 30 grams of ammonium nitrate, 
40 cc. of half-strength nitric acid and 50 cc. of molybdic solution 
added, and the digestion conducted at 65° for an hour or more. 
The two methods were alike after this point, the phosphoric acid 
being determined in magnesium pyrophosphate as usual. The 
addition of the nitric acid was found necessary under our condi- 
tions, to prevent the separation of molybdenum compounds 
other than ammonium phosphomolybdate, which otherwise were 
thrown down and interfered with clear filtration and’ washing. 
The evaporation to remove silica was perhaps an unnecessary 
precaution, as is indicated by the following results upon different 
samples of oat plants. The results marked a were secured when 
evaporation and drying to render all silica insoluble was resorted 
to, and those marked 6 were from separate portions of the same 
samples when these precautions to render the ‘silica insoluble, 
were not taken. 


1 U.S. Dept. of Agr., Bureau of Chemistry, Bull. 46, rev. ed., p. 11. 
© Lc. Ct, De X12. 











tion 
and 
itric 
tion 
ium 
ulty 
n of 
arge 
> of 
xtra 
Ours 


thod 
liar, 
rce- 
rate 
oist- 
The 
ting 
sults 
with 
with 
rate, 
ition 
10re. 
acid 
The 
yndi- 
tiunds 
were 
ning. 
ssary 
erent 
when 
orted 
same 
uble, 








PHOSPHORIC ACID DETERMINATIONS. 243 


GRAMS OF Mg,P,0, OBTAINED FROM 5 GRAMS OF OATS. 

a  0,0398 0.0453 0.0425 0.0398 0.0377 0.0333 0.0435 0.0373 0.0390 
b 0.0394 0.0456 0.0430 0.0414 0.0377 0.0328 0.0434 0.0370 0.0390 

The following results represent the grams of magnesium pyro- 
phosphate, obtained by the acid and magnesium nitrate methods 
previously described, from separate 5-gram portions of different 
samples. It may be seen that from one to three independent 
determinations were made in a given sample by the two methods, 
results upon each sample being arranged vertically: 

FLAT TURNIP Roots. 

No. of sample SL 53 55 57 58 59 


Acid Method 0.0496 0.0644 0.0561 0.0630 0.0576 0.0553 
0.0516 0.0644 0.0535 0.0684 0.0620 0.0556 


0.0532 0.0656 0.0621 
Magnesium 0.0493 0.0613 0.0534 0.0630 0.0560 0.0539 
Nitrate Method 0.0502 0.0613 0.0520 0.0640 0.0592 0.0555 
0.0611 0.0534 0.0584 0.0541 
No, of sample 60 6r 63 65 67 69 
Acid Method 0.0533 0.0392 0.0340 0.0320 0.0321 0.0486 
0.0532 0.0344 0.0493 
Magnesium 0.0511 0.0389 0.0323 0.0320 0.0320 0.047 
Nitrate Method 0.0530 0.0339 0.0475 
OaT PLANT (Aerial portion). 
No. of sample 51 53 55 57 59 
Acid Method 0.0424 0.0477 0.0404 0.0419 0.0425 
Magnesium 0.0398 0.0456 0.0404 0.0430 0.0414 
Nitrate Method 0.0394 0.0453 0.037 0.0425 0.0398 
0.0390 
No. of sample 61 63 65 67 69 
Acid Method 0.0379 0.0354 0.0450 0.0368 0.0388 
Magnesium 0.0377 0.0328 0.0434 0.0370 0.0390 
Nitrate Method 0.0377 0.0333 0.0435 0.0373 0.0390 


The average amount of magnesium pyrophosphate obtained 
per 5 grams of material in the case of the turnip roots, was 0.0493 
gram by the acid method, and 0.0480 gram by the magnesium 
nitrate method, which are respectively equivalent to 0.629 and 
0.612 per cent. of phosphorus pentoxide. Similarly, with the 
oat plant, 0.0409 gram of magnesium pyrophosphate was ob- 
tained by the acid method and 0.0397 gram by the magnesium 
nitrate method which are respectively equivalent to 0.522 and 
0.506 per cent. of phosphorus pentoxide. 

The results by the acid method are on an average about 3 per 
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cent. higher than those by the magnesium nitrate method. It is 
not believed, however, that the magnesium nitrate method failed 
to secure all of the phosphoric acid present in the crop, but rather 
that there were impurities present in the magnesium pyrophos- 
phate obtained by the acid method; it frequently was of an ab- 
normal color and had a reddish tint, in which case a quite strong 
reaction for iron was obtained. Furthermore, in a number of 
instances the magnesium pyrophosphate obtained by each method 
was dissolved in nitric acid and, upon reprecipitation and ignition, 
the results by the two methods were more nearly alike. 

By a comparison of the results with turnip roots, in which 
case more than one determination was frequently made by each 
of the methods, it may be seen that there was more difficulty 
in obtaining parallel results with the acid method than with the 
other. 

It should be said in explanation of the frequent wide differences 
in the determinations by a given method, that it was thought advis- 
able to include all of the results as affording an indication of the 
capabilities of the two methods as followed in the routine analysis 
of a considerable number of samples, where the time element would 


preclude reprecipitation for the purpose of increasing the purity 


of the final product. 

It is recognized that a wider experience with the acid method 
would probably lead to desirable modifications, but for the 
interest of those who might wish to use the method, the results 
are presented at this time. 


AGRICULTURAL EXPERIMENT STATION, 
KINGSTON, RHODE ISLAND, 


[CONTRIBUTION FROM THE INSECTICIDE AND WATER LABORATORY, 
3UREAU OF CHEMISTRY, U. S. DEPARTMENT OF AGRICULTURE. | 
COFIPOSITION OF THE LIME, SULPHUR AND SALT WASH! 
3Y J. K. HAYWOOD. 
Received November 23, 1904. 

SOME two years ago the author received a sample of the lime- 
sulphur-salt wash, prepared in the usual way from commercial 
chemicals, from the Division of Entomology, United States 
Department of Agriculture, with the request that it be subjected 


1 Credit is due Mr. B. H. Smith who assisted in the analytical work.in this paper and 
to Mr. C. L. Marlatt for suggesting the advisability of the investigation. 
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to a qualitative examination and a report made as to the probable 
reason why this mixture gave more satisfactory results in a dry 
than in a moist climate. The results of this work were published 
in circular No. 52 (second series) of the Division of Entomology, 
and are as follows: 

‘‘The lime-sulphur-salt wash contains the following substances 
in solution: A large amount of calcium sulphide, some of the 
higher sulphides of calcium (as CaS, and CaS;) small amounts of 
calcium sulphate, and traces of calcium sulphite, and a large 
amount of calcium thiosulphate; also some of the excess of lime 
isin solution. The residue is composed of lime. 

‘“‘On evaporating down a portion of the wash with a blast and 
at a gentle heat no decided change takes place. Calcium sul- 
phide still remains as does calcium thiosulphate. A small amount 
of sulphur is deposited (doubtless from the polysulphides of cal- 
cium) and the amount of calcium sulphate is increased to a small 


degree.”’ 

Based on the above data a theory as to the action of this wash 
in moist and dry climates was given. 

Recently the author began a new study of this wash, using 


different periods of boiling and chemically pure reagents. Quan- 
titative methods of examining the wash before and after applying 
to the tree were also employed, such quantitative methods not 
having come to the author’s notice when making the examination 
reported above. Based upon this much more extended and 
complete investigation, certain views expressed above require 
modification. 

The only complete change in regard to the composition of the 
wash concerns the yelative proportions of calcium sulphide and 
calcium polysulphides, the author’s recent work having shown 
that instead of a large amount of calcium sulphide and a small 
amount of polysulphide being present in the original wash, a 
large amount of the polysulphide and little or no sulphide are 
present. The qualitative results in regard to this point were mis- 
leading. 

A fractional part of the following formula was used in prepar- 
ing the lime-sulphur-salt wash, the boiling being carried on in a 
closed enamel boiler, and the chemicals being chemically pure. 
The time of boiling was the only variable factor. Lime 10 
pounds, sulphur 6% pounds, salt 5 pounds, added to 20 gallons 
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of water in the order named. In one experiment the salt was 
left out to determine the effect of this constituent on the com- 
position of the wash. After mixing the ingredients as above the 
total volume was determined and in every experiment thereafter 
whatever the time of boiling and the consequent reduction in 
volume, the total volume was made up to the volume as deter- 
mined above, and aliquot portions of the mixture taken for analy- 
sis. Theoretically, each 100 cc. of the mixture prepared as above 
should contain 5.55 grams of total calcium oxide and 3.89 grams 
of total sulphur in case there has been no loss by volatilization or 
mechanically. 

The exact method of making the analyses in the following table 
was as follows: First the mixture was boiled the required time, 
and then made up to the correct volume as determined above. 
This mixture was then thoroughly shaken up and 100 cc. portions 
taken for analysis. The 100 cc. portion was weighed, poured 
through a Gooch filter, sucked dry and the residue dried and 
weighed. The difference between the total weight and the weight 
of the residue was taken to be the weight of the liquid portion in 
too ce. of the mixture. An aliquot part of the liquid portion was 
weighed in order to obtain the weight of 1cc. The total weight of 
the liquid divided by the weight of 1 cc. gives the number of cubic 
centimeters of liquid in roo cc. of the whole mixture. The total dis- 
solved sulphur and soluble calcium were now determined in 1 cc. of 
the liquid. The results obtained multiplied by the number of cubic 
centimeters of liquid in 100 cc. of the mixture gave the weight of 
the dissolved calcium oxide and sulphur in roo cc. of the mixture. 


The residual sulphur was next determined in the residue as 
obtained from 100 cc. of the entire mixture! The residual cal- 
cium oxide was obtained by subtracting the soluble calcium ox- 
ide from the theoretical total calcium oxide. The calcium was 


determined as oxalate. 

Sulphur was determined by oxidizing a small quantity of the 
sulphur solution with hydrogen peroxide in the presence of 
potassium hydroxide and with the aid of heat and precipitating 
the resulting sulphate with barium chloride.' 

The following results were obtained when the time of boiling 
was varied: 


1 For the details of this method see article of S. Avery, in Proceedings of the Associa 
tion of Official Agricultural Chemists, 1904. 
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TABLE I.--LIME AND SULPHUR IN I00 CC. OF LIME-SULPHUR-SALT WASH. 
Sulphur Residual Total CaO Residual 


Time in solution. sulphur. sulphur. in solution. cao. Total Cao. 
of boiling.! Grams. Gram. Grams. Grams. Grams. Grams. 


15 minutes 3.03 0.38 3.41 1.64 3-91 5.55 

go 3.66 0.09 3.75 1.95 3.60 5-55 

- 3.92 0,02 3.74 1.93 3.62 5.55 

fo, #8 3-75 0.05 3.80 2.13 3-42 5-55 

go 3-47 0.05 3.52 1.85 3-70 5.55 

Theoretical amts. — a 3.89 —— ee 5.55 
From the above table it would appear (1) that the solid sulphur 

was not completely dissolved by fifteen minutes’ boiling, (2) that 

a thirty-minute boiling period was nearly but not quite enough, 

(3) that a forty-five- to sixty-minute period of boiling dissolved 

practically all of the sulphur present, and was consequently the 

best period to boil the wash in order to get the largest amount 

of sulphur in solution. By continuing the boiling beyond one 

hour the mixture became very thick with the quantity of material 

used, so that some of the sulphur was very likely lost mechani- 


cally. 
To test the effect of salt on the composition of this mixture 
the wash was prepared just as before except that salt was left 


out, a one-hour period of boiling being employed. A compari- 
son of the figures thus obtained with those above, for a like 
period of boiling, is given in Table IT. 


TABLE II. 


Sulphurin Residual Total CaO in Residual 
. solution. sulphur. sulphur. solution. CaO. 
Ingredients. Grams, Gram. Grams. Grams. Grams. 


Lime-salt-sulphur 3-75 0.05 3.80 2.13 3.42 
Lime-sulphur 3.85 0.04 3.89 2.02 5.55 

From the above it will be seen that salt has no material effect 
on the composition of the wash, at least in so far as the total 
soluble sulphur and calcium oxide are concerned. 

An attempt was next made to determine what compounds of 
sulphur are formed in this wash, and also whether they are changed 
by varying periods of boiling. To do this, the following methods 
of analysis were used. 

Sulphur in Solution as Sulphides.—A measured quantity of the 
sample was treated with ammoniacal zinc chloride and heated on 
the steam-bath for about an hour. It was then filtered, the 
filter and contents treated with potassium hydroxide solution 


' The mixture was actually brought toa boil before the time was taken. 
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and hydrogen peroxide and the resulting sulphates precipitated 
with barium chloride. 

Sulphur in Solution as Thiosulphates——A measured quantity 
of the solution was treated with ammoniacal zine chloride and 
filtered to get rid of sulphides. The filtrate was titrated to 
neutrality, with standard hydrochloric acid, using methyl orange 
as indicator, and then titrated with standard iodine solution, 
The reading thus obtained gave the thiosulphates and sulphites, 
Since the sulphites are present in such small amounts, however, 
the number of cubic centimeters of iodine used may be considered 
to represent only the thiosulphates. 

Sulphur as Sulphates and Sulphites Combined.—The solution 
remaining from the determination of thiosulphates in which both 
thiosulphates and sulphites had been oxidized was acidified with 
hydrochloric acid and precipitated with barium chlcride.' 

Working by the above method of analysis the following results 
were obtained with several samples of the lime-sulphur-salt 
wash,” where the time of boiling was the only variable factor. 
TABLE III.—SuLPHUR COMPOUNDS IN I00 CC. OF THE LIQUID PORTION 

OF THE LIME-SULPHUR-SALT WASH. 
Sulphur as sul- Sulphur as sul- 
Sulphuras _ phides and poly- phites and sul- Total 


Time thiosulphates. sulphides. phates. sulphur, 
of boiling. Gram. Grams, Gram. Grams. 


I5 minutes 0.63 2.59 0.004 3.224 
z0° “* 0.76 2.91 0.004 3.674 
60 ** 0.84 2.91 0.01 3.76 
go> on 0.86 2.92 0.01 3.79 
60 ‘‘(without salt) 0.88 2.92 aos 3.80 

Four points are brought out by the above results, (1) a one 
hour period dissolves practically all of the sulphur, (2) the thio- 
sulphates are somewhat increased by a more prolonged period of 
boiling, (3) the combined sulphates and sulphites are somewhat 
increased by a more prolonged period of boiling, and (4) salt has 
practically no effect on the composition of the wash in so far as 
the sulphur compounds are concerned. 

It is probable that the primary reaction followed in the above 
combination of sulphur and lime is as follows: 

3Ca(OH),+ 12S =CaS,O,+ 2CaS, + 3H,O (1) 


1 The above methods of analysis and those to follow are combinations of Avery's 
method for determining sulphur and certain methods ofdetermining sulphur as given 10 
Sutton’s ‘Volumetric Analysis,’’ modified to suit the conditions here presented. 

2 Different samples from ones previously examined. 
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Such a reaction, however, would lead to the formation of less 
sulphur as thiosulphate, and more sulphur as pentasulphide, than 
is indicated in most cases in the above table. It is therefore 
probable that either or both of the two following secondary 
reactions take place, both of which would lead to the formation 
of more thiosulphate and less polysulphide, thus approximating 
the figures as found above: 

3Ca(OH), + 8S =CaS,0O, + 2CaS, + 3H,O (2) 
and 
CaS, + 30 =CaS,0, + 3S. (3) 

The sulphur set free in this last reaction would on further 
boiling combine with more lime to form thisoulphate and poly- 
sulphide. If the boiling were continued, it will be seen that more 
thiosulphate would constantly be formed at the expense of the 
pentasulphide. Since the figures as given above indicate that 
more thiosulphate and less polysulphide are formed than is indi- 
cated by theory for equation (1), it is probable that reaction (3) is 
the principal or only secondary reaction which leads to the in- 
creased formation of thiosulphate. 

It is well known that thiosulphates in solution change slowly 
to sulphites, which in turn change to sulphates according to the 
following reactions: 

CaS,0, =CaSO,+S. (4) 

CaSO,+ 0 =CaSO,,. (5) 
It is therefore probable that sulphates and sulphites are found in 
this wash because of the above reactions. 

To recapitulate then, we may say that the lime-sulphur-salt 
wash is probably formed in the following way: First, the lime 
and sulphur react and calcium thiosulphate and pentasulphide 
are formed; second the calcium pentasulphide is partly changed 
to calcium thiosulphate and free sulphur; third, the sulphur set 
free recombines to a large extent with the calcium hydroxide 
according to reaction (1); fourth, the calcium thiosulphate 
formed is changed to a slight extent to calcium sulphite and sul- 
phur; fifth, the calcium sulphite is partly oxidized to calcium 
sulphate. All of the above reactions are well known and can be 
found in the leading books of reference such as Mendeléeff’s ‘‘ Prin- 
ciples of Chemistry,”’ Thorp’s ‘‘ Dictionary of Applied Chemistry,” 
Frémy’s *‘Chemical Encyclopedia,” etc. It will be thus seen 
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that we may expect to find and do find in the lime-salt-sulphur 
wash, comparatively large quantities of pentasulphide and thio- 
sulphate, and extremely small quantities of sulphates and sulphites, 

An attempt was next made to determine what changes take 
place in the sulphur compounds of the wash when it is sprayed 
upon the tree. To imitate as closely as possible actual spraying 
conditions, measured samples of the wash (5 cc. usually) were 
soaked up by a large quantity of filter-paper which had been cut 
in slips and placed in large porcelain dishes. These dishes were 
immediately put in the open air in direct sunlight and the paper 
allowed to dry. This usually took about one hour. The dishes 
were then placed in the open air and allowed to stand varying 
lengths of time. In one series of experiments the paper was 
moistened each morning to represent dew, in another series they 
were allowed to remain undisturbed until analyzed. From the 
reactions already given above we would expect that the following 
changes in the wash would take place, when it was allowed to 
dry in the open air: (1) The pentasulphide would be oxidized 
to thiosulphate and sulphur, according to CaS;+O,=CaS,O,+S,,. 
This would result in the formation of more thiosulphate than was 
already present and to the deposition of free sulphur in a very 
finely divided form. (2) The total thiosulphate would then be 
changed, to some extent, to sulphite and deposit free sulphur 
according to CaS,O,=CaSO,+S. (3) The sulphite would then 
be partly oxidized to sulphate according to, CaSO,+O=CaS0O,. 
We would finally expect to find in the wash, then, after it had 
dried on the tree, free sulphur, calcium thiosulphate and small 
quantities of calcium sulphate and sulphite. The longer the action 
of the air and dew continued the less calcium thiosulphate we 
would expect to find present, and the more sulphites.and sul- 
phates. Of course, calcium hydroxide would be present, which 
would be gradually changed to carbonate. The sodium chloride 
appears to have no effect on the composition of the wash and 
would very likely remain as such on the tree. For experimenta- 
tion a wash was prepared by boiling the constituents together 
one hour. Its composition was as follows: 

coof solution. 


Sulphur as thiosulphate 
as ‘* polysulphide 
a" ‘* sulphate and sulphite 
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The following methods were used to determine the composition 
of the wash after drying on filter-paper. 

Total Free Sulphur.—The filter-paper was extracted in a 
Soxhlet extractor with carbon bisulphide. The carbon bisulphide 
was evaporated off, the residual sulphur dissolved in concentrated 
potassium hydroxide by boiling and the sulphur determined as 
sulphate according to Avery’s method. The filter-paper remain- 
ing from the above treatment was allowed to stand until all 
carbon bisulphide had evaporated and then all soluble sulphur 
compounds extracted with water. 

Sulphur as Sulphides.—These were tested for, but none were 
found present. The whole of the filtrate was now titrated to 
neutrality with standard hydrochloric acid, using methyl orange 
as indicator, made to a definite volume and aliquot portions used 
for analysis. 

Sulphur as both Sulphates and Sulphites—These were deter- 
mined by the method already indicated earlier in this paper 
except that a previous precipitation of the sulphides was not 


necessary. 
Sulphur as Sulphites and Thiosulphates—A measured quantity 


of standard iodine was placed in a beaker and the neutral filtrate 
was added till all the iodine had been used up. From the quantity 
of filtrate used the quantity of iodine corresponding to the whole 
filtrate could be calculated. The solution was titrated by adding 
to the iodine rather than adding the iodine to the solution, because 
it has been found by many investigators that more constant 
results are obtained in this way. 

Sulphur as Sulphite—The solution remaining from the deter- 
mination of sulphites and thiosulphates was now titrated with 
standard sodium hydroxide to neutrality. The method of cal- 
culating sulphite from this figure is given on page 353 of Sutton’s 
“Volumetric Analysis,”’ eighth edition. 

Sulphur as Sulphates—Determined by subtracting the sulphur 
as sulphites from the total sulphur as sulphates and sulphites. 

Sulphur as Thiosulphates.—This figure was found by subtract- 
ing from the total iodine figure obtained above for thiosulphates 
and sulphites together, an amount of iodine corresponding to 
the sulphites as determined above, the resulting figure being the 
iodine used up by thiosulphates. 

Following are the results obtained on allowing four samples of 
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the above-mentioned wash to stand in the open air for vary- 

ing lengths of time, after being soaked up by the slips of 

filter-paper. The samples were not watered to represent dew. 
TABLE IV. 


(Expressed in grams per 100 cc. of the solution. ) 


Timeof — Sulphur as Sulphur as Sulphur as Total 
standing. Free sulphur. thiosulphate. sulphite. sulphate. sulphur, 
(a) 5 days 171 1.97 O.II 0.01 
toys. “Ss 72 1.97 0.10 0.01 
ke) 2s 1.74 1.94 0.137 0.01 8 
(a)is E77 1.94 0.12 0.02 3.85 


Following are the results obtained on four samples which were 
dampened each morning to represent the dew. 
TABLE V. 
(Expressed in grams per Ioo ce. of the solution). 


Time of Free Sulphur as Sulphur as Sulphur as Total 
standing. sulphur. thiosulphate. sulphite. sulphate. sulphur, 


1.94 1.66 0.22 not det. 3.82 


(e) 10 days 
ss 3.82 


pad: * 1.93 1.69 0.20 
(g) 4 weeks 2.11 1.42 0.29 0.15 3.97} 
(Z)aq:. * 2.13 1.41 0.27 0. 16 3.97! 

From Tables IV and V it is evident that just those changes 
take place in the wash when it dries on the tree that would be 
expected. Analyses (a and 5) after five days, indicate that the 
following reaction has taken place, (1) CaS;+0O,=CaS,0, +38, 
resulting in a deposit of sulphur and an increased formation of 
calcium thiosulphate. These two analyses also indicate that the 
following reaction has begun, (2) CaS,O,=CaSO,+S, resulting 
in the formation of more calcium sulphite and more free sulphur. 

Analyses (c) and (d), after eight days, indicate that the reaction 
represented by reaction (2) has gone still further, and that now 
the following reaction has commenced, (3) CaSO,+0=CaS0, 
resulting in the formation of more calcium sulphate. 

Analyses (e) and (f), made after ten days, indicate that the 
rapidity of reactions (2) and (3) has been much increased by wet- 
ting the paper every day (or in practice by the dew wetting the 
branches each day). 


1 The rather high results obtained for total sulphur in these two determinations is 
doubtless owing to errors in analysis especially in the thiosulphate figures, The method 
of analysis as outlined above is very difficult of execution even under the best circum- 
stances. In these two determinations six extracts of 500 cc. each were necessary to ex- 
tract all soluble sulphur compounds. This resulted in very small amounts of material be- 
ing present in the last four 500-cc. filtrates, and consequent increased chances of error in 


the determinations. 
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Analyses (g) and (hk), after four weeks, indicate that the above 
reactions, (2) and (3), have gone still further, resulting in the 
breaking-up of about one-fourth of the thiosulphate and the con- 
sequent increase of sulphur, sulphates and sulphites. If the de- 
composition of the wash continued at the same rate as is indicated 
above, it would take it about four or five months to completely 
decompose (at least under these artificia! conditions). When 
decomposition of the thiosulphate was complete a very large 
amount of free sulphur would still be upon the tree, calcium sul- 
phite would be present and calcium sulphate. Still further along, 
the sulphite would be oxidized to sulphate so that finally only 
sulphur and calcium sulphate would be present after perhaps 
four or five months. In case of a very hot sun shining upon the 
tree the sulphur itself might be volatilized, leaving only calcium 
sulphate. 

From the above data a theory can be formed as to the action 
of this wash. We will first take the case where the wash, after 
being sprayed upon the trees, remains practically untouched by 
rains for several months (as in the dry climate of California) so 
that the products of decomposition remain upon the tree for a 
long time. First the excess of lime in the wash is quite caustic, 
so loosens the scales from the tree and exposes the insects. Almost 
at once the pentasulphide, on decomposing, deposits sulphur in 
a very finely divided condition which has its usual insecticidal 
action (just how is not known). Now the thiosulphate already 
present in the wash together with the thiosulphate formed by the 
decomposition of the pentasulphide commences to decompose and 
set free more sulphur and a sulphite. This decomposition of the 
thiosulphate very likely extends over several months. It is a 
well-known fact that calcium sulphite and other sulphites act as 
antiseptic agents. There is reason to believe that they would 
also act as insecticides. We therefore have, from the decomposi- 
tion of the wash, sulphur which is in a very finely divided state 
and sulphite which is gradually set free. The author is of the 
opinion that these are the two active agents in killing insects. 
This theory of the action of the wash would also explain why 
the action is not immediate and also why it continues over a 
great length of time. 

In a wet climate, on the other hand, we will suppose that a 
heavy rain occurred a day or two after the wash was applied. 
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This would tend to wash out all thiosulphate which was originally 
present, together with that which had been formed by a decompo- 
sition of the pentasulphide. No sulphite could then be formed. 
There would therefore be left upon the tree sulphur as the only 
compound having insecticidal properties. The efficacy of the 
wash would therefore be reduced. Again, suppose light rains 
occurred only occasionally after the wash had been applied: 
this would reduce its efficacy just in proportion to the thiosulphate 
they washed out, and the consequent reduction in the amount of 
sulphite formed. 

It is possible that the thiosulphate itself has some value as an 
insecticide. If so, it would be manifested much more strongly 
in a dry climate than in a wet climate, where the thiosulphate 
would be gradually or at once washed off. 

It was suggested to the author by Mr. F. H. Pough, the manager 
of the Bergen Port Sulphur Works, of New York City, before 
the above paper was prepared, that the efficiency of the lime- 
sulphur-salt wash was due almost entirely to the finely divided 
sulphur which was set free on the decomposition of the calcium 


pentasulphide. In support of this he cited the wide-spread use 
of sulphur as a fungicide and insecticide. More particularly its 
use for the prevention of the powdery mildew in the vineyards, 
where it is often sprinkled on the hot ground to the windward of 
the plants as well as on them. Also to the recently discovered 
value of sulphur dusting as a remedy against the red spider of 


citrous trees. 

He believes that the action of the wash is to be attributed to 
the gradual oxidation of sulphur which gives rise to sulphur 
dioxide or sulphurous acid where moisture is present, and that 
it is these constituents which do the work. In support of his 
theory he cites cases where an odor resembling sulphur dioxide 
is plainly discernible on hot, sunny days in the vicinity of orchards 
sprayed with the above mixture. 

While the author does believe that the finely divided sulphur 
is one of the active insecticidal agents in the wash (just how he 
is not prepared to say), he is inclined to doubt whether this oxidi- 
zation of the sulphur would be rapid enough to be of great 
value. 

In regard to the second point brought out by Mr. Pough, those 
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who have sublimed sulphur know that during sublimation a smell 
resembling sulphur dioxide can plainly be observed, so that the 
odor observed in the vicinity of orchards on a hot, sunny day 
might be due to the sulphur subliming. : 


The following points are all against this theory: 

(1) If the action were at all considerable, we would expect 
that the total sulphur on the tree would decrease, since not all 
would be likely to be absorbed by the calcium hydroxide or cal- 
cium carbonate present, these being only mechanically mixed 
with the sulphur. In our paper experiments (which to be sure 
are artificial), no loss of sulphur was shown after four weeks. 

(2) We would expect the free sulphur to decrease during the 
course of four weeks: instead of this it increases to a slightly 
greater extent than corresponds to the amount of thiosulphate 
broken up according to the following equation: CaS,0,= 
CaSO,+58. 

On the whole, then, while the author is not prepared to say 
that under certain conditions some of the sulphur might not be 
oxidized sufficiently to give enough sulphur dioxide to be of 
value, he is very much inclined to doubt whether this action is 
the major factor in determining the efficiency of the wash. 

It should be borne in mind that the above results were obtained 
not by boiling the whole 20 gallons mixture of lime, sulphur and 
salt, but by boiling a small fraction of this formula (about one 
quart). While this might, to some extent, influence the time 
necessary for all sulphur to go into solution, it would not influ- 
ence the final composition of the wash. The author is of the opin- 
ion that in cases where the samples are brought to a boil, before 
the time of boiling is taken, the size of the sample has very little 
influence on the amount of sulphur going into solution in a given 
time. 

In giving the methods of analysis used in this work the author 
has confined himself to the barest outline at the request of the 
editor. The details will gladly be furnished to those who may 
be interested. 











A COMPARISON OF THE ORGANIC MATTER IN DIFFER. 

ENT SOIL TYPES. 

By FRANK K, CAMERON. 
Received December 21, 1904. 

In a former paper’ the general problem of the organic matter 
in soils and subsoils was discussed and a method for the deter- 
mination of the total organic matter was described, which expe- 
rience has shown to be a reliable one. This method has been in 
use in the laboratories of the Bureau of Soils for some 
time, and many analyses have been made in connection with 
the mechanical analyses’ of soils as carried out in the labora- 
tories of the Bureau, for the purpose of assisting in the classifi- 
cation of the soils into types. During the past two years a total 
of 2,560 samples have been analyzed, and a corresponding number 
of organic determinations made by this method.’ These analyses 
comprise the data obtained from 1,340 samples of soil and 1,220 
samples of subsoil, covering 237 typesof soil. Theaverage content 
of organic matter for all these samples is 2.06 per cent. for the 
soil and 0.83 per cent. for the subsoil, showing, as would be 
expected, a much larger amount of organic matter in the soil, 
where the principal root development is and subsequent decay 
takes place, than in the subsoil. The artificial incorporation of 
organic matter in manuring has no doubt an influence in this 
same direction. There have been individual cases in which this 
order was reversed, that is, the subsoil showed a higher percentage 
of organic matter than the soil. The laboratory results were, in 
such cases, always in agreement with the field observations, which 
further showed that these lands were alluvial in character and 
that a deposit less rich in organic matter had been formed over 
what was originally the soil. 

An examination of the results seem to indicate that, generally 
speaking, the range of color of the soil within any given soil type 
varies in the order of the content of organic matter. The color 
of a soil, however, is by no means a safe indication of its content 
of organic matter. It is obviously impossible to compare a brown 
or black prairie soil of the Middle West with a reddish soil, such 


! This Journal, 26, 29 (1904). 
2 Bulletin No. 24, Bureau of Soils. U.S. Dept. of Agr. 
3 The results will be found in the Reports of the Field Operations of the Bureau ol 


Soils for 1902 and 1903. 
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as the Cecil clay which covers extensive areas on the Piedmont 

plateau. The color of the soil is influenced by the mineral com- 

ponents, and the same amount of organic matter in the red Cecil 
clay does not have the same effect in darkening the soil as in the 
case of the prairie soil. In the Cecil clay as a type, however, 
the color gradation goes with the organic content, and this is 
also true of the black to gray soils of the prairie regions. Marked 
differences between types are noticed in which the color is abso- 
lutely no indication of the amount of organic matter present. 
Thus a sample of the Hagerstown shale loam,with 4 per cent. of 
organic matter, is stilla light-colored soil, whereas Marshall loam, 
with the same or even a lessamount of organic matter, is a very dark 
soil. These observations indicate very strongly that not only 
has the mineral matter an important part in determining color, 
but further, the organic matter in different soils is of a widely 
different nature, not only in the extent of the decomposition 
which has taken place in it, but in the character of that decompo- 
sition. Much of the difference is brought about by differences 
in drainage conditions, the better drained soils being more fre- 
quently light in color while the darker soils usually owe their 
color to a different decomposition of the organic matter produced 
by present or past conditions of excessive moisture. There seem to 
be tendencies in some soils to decompose the organic vegetable 
remains in such a way as to make dark-colored soils, whereas 
other soils, though containing as much as 3 or 4 per cent. of total 
organic matter, are still light colored soils, although decompo- 
sition has gone forward as in the other soils. It is possible that in 
these different kinds of organic matter, or in the causes which 
produce these differences in the different soils, may be found the 
explanation of the beneficial effects usually ascribed to organic 
matter in its action on the crop, either by its correcting influence 
on the absorption of mineral nutrients by the plant, its effects on 
the mechanical and moisture conditions of the soil or by a direct 
physiological influence on the functional activities of the plant 
itself. 

It has been said that these determinations of total organic 
matter were made in connection with the mechanical analyses of 
types. An examination of the large number of results obtained 
shows, however, very clearly that the total amount of organic 
matter is not in general a characteristic of type relations. There 
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are, of course, some very broad and general relations, certain 
soil types running low in organic matter, while others, such as 
the Marshall, Portsmouth, and Yazoo series, run consistently 
high, but all these latter soils are, or were recently, in a more or 
less swampy condition with a large accumulation of organic 
matter. The general result is, however, that the variation in 
the total organic matter in different samples of the same soil 
type is fully as great as between samples of different types. For 
instance, the Norfolk fine sandy loam, a pale yellow or gray 
sandy loam, has from 0.3 to 3.0 per cent. organic matter, while 
the Porters sandy loam, a grayish yellow sandy loam, and of but 
little finer texture, contains from 1.0 to 7.7 per cent. organic 
matter, but the Orangeburg clay, a red loam or clay loam, con- 
tains from 0.6 to 3.4 per cent., the Hagerstown clay, also a red 
clay or clay loam, contains 0.7 to 3.7 per cent., while the Hagers- 
town loam, a distinctly easier soil to till, and brown or yellow 
in color, contains 0.5 to 3.1 per cent. organic matter. 

For these reasons the Bureau of Soils proposes in the future to 
omit the determination of the totai organic matter as a regular 
integral part of the mechanical analysis of a soil, except in special 
cases when it is obviously of importance in defining a type. It 
will, of course, continue to make such determinations in individual 
areas for the purpose of studying the influence of organic matter 
on the management of the soil and its crop-producing power, 
and similar investigations involving more or less local peculiar- 
ities within any given type. 

BUREAU OF SOILS, 


U. S. DEPARTMENT OF AGRICULTURE, 
WASHINGTON, D. C. 






















SIZING PAPER WITH ROSIN SOAPS. 


By MARTIN IL. GRIFFIN. 












Received December 15, 1904. 

It has been the general practice until recent years for paper- 
makers to use an excess of soda-ash or other alkali in saponilying 
their rosin for size-making. They have been very careful that 
there should be no free rosin in their size, lest rosin specks should 
appear in the paper, stick to the rolls and cause other annoy- 
ances. The popular belief has been that the alum simply precip- 
itates the rosin and that it was the rosin which sized the paper. 
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Upon this theory has grown the practice of making what is known 
as free rosin or acid sizes, containing as much as 4o per cent. free 
rosin as a dilute emulsion, with the claim that less alum would 
be required and a greater sizing efficiency secured. 

THE AGENCIES WHICH SIZE PAPERS. 

There has been very little work done to determine accurately 
what the real agencies are which size paper. A great deal has 
been taken for granted. The paper-maker lays great stress on 
both the size and alum, usually increasing the quantity of alum, 
if he has any troubles, or if any complaints, imaginary or real, are 
made. There is some foundation in fact for doing this. Wurs- 
ter’s treatise on ‘‘ Rosin Alum Sizing,” 1878, often quoted, claims 
that it is the free rosin acids which are the effective sizing agents. 
He draws this conclusion from the results which he obtained by 
extracting rosin-sized paper with ether and other solvents and 
found that the extract was composed almost entirely of free rosin 
acids, and also found the alumina in the paper, before and after 
extraction to be practically the same in amount. I agree to some 
extent with the results which he found, but not with his conclu- 
sions. In connection with this statement Cross and Bevan, in their 
work on ‘‘Paper-Making,’’ 1900, feel obliged to give color to the 
correctness of this view, by saying: ‘‘It is well known that cellulose 
takes up alumina from solutions of the sulphates and chlorides. 
It is therefore, more than probable that cellulose would decom- 
pose the neutral resinate by combining with alumina and the 
” I do not dispute this statement, but I do dispute 
the application of it to prove that free rosin acids are the prime, 
effective agents. They also say, that ‘‘The addition of hydrated 
alumina to the neutral rosin size during the later stages of the 
boiling, is rather to be recommended.” This recommendation 
is more than contradictory to the views of the advocates of acid 
sizes, since it would make a basic size. They say further, ‘‘It 
has been proposed to use aluminate of soda as the solvent for the 
rosin, but it is difficult to see any advantage resulting from the 
practice.’’ This hardly harmonizes with my previous quotation 
from their book. Under the heading ‘‘ Auxiliary Sizing Agents’”’ 
they say ‘‘Alumina is precipitated as a gelatinous hydroxide by 
the interaction of the soda of the rosin size with aluminum sul- 
phate. Passing through the intermediate form of ‘resinate’ 
it is no doubt finally fixed as the oxide, and aids in cementing 


rosin acids. 
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the fibers together and filling the interspaces.”’ No direct sizing 
power is credited to the part played by alumina. On the pre. 
ceding page of their book, from which this quotation is taken, 
they report that the function of the excess of alum so generally 
used is to decompose the neutral resinate of alumina with libera- 
tion of free rosin acid and basic aluminum sulphate, and give a 
formula showing the reaction. It is not quite clear to me how 
by the use of rosin soap and alum in excess, we get gelatinous 
aluminum hydroxide in the one case, and in the other, free rosin 
acid and basic aluminum sulphate. These reactions cannot be 
obtained outside of the beating engines as I personally know 
from experience, and I do not believe the latter takes place in 
then. 

It looks to me as if Cross and Bevan did not feel very positive 
as to their position and offer no evidence one way or the other 
to prove what they say. To my mind the base of the precipi- 
tating agent has more to do with the sizing of paper than the 
rosin, as I shall prove. 

Having taken up the views of some of our best paper-making 
chemists, without reference to other published articles in books 
and trade journals, I will detail my work and views on the sub- 
ject. For the extraction of the total rosin used in sizing paper, 
I find that a large proportion can be obtained by extraction with 
strong alcohol, but not all, until the paper has been treated with 
dilute acid as hydrochloric acid, for the decomposition of some por- 
tion remaining as a resinate. My method is to wet out the sample 
of paper in weak hydrochloric acid, wash out the acid, dry in the 
atmosphere, and extract with alcohol. I find that well-sized 
paper, when given this treatment, is very absorbent, before any 
of the rosin is removed by extraction. The same paper wet out 
in water and dried remains sized as originally. This goes to show 
that the free rosin in the paper under the conditions described is 
not effective to size it. Again I have on several occasions had 
stuff prepared in our works with no alum or precipitating agent, 
and then have diluted it to proper consistency and added a varying 
amount of sulphuric acid and made hand-made sheets, with the 
result that the stock was hardened but was only partially sized. 
I also increased the amount of size to see if the deficiency could 
not be made up in this way, but the results were still unsatis- 


factory. To me this is conclusive proof that free rosin in the 
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paper is not the all-sufficient sizing agent, and that there is no 
foundation in fact whatever for the claims made in behalf of the 
free rosin sizes, and I do not hesitate to say that where proof has 
been submitted the evidence has not been conclusive or of the 
best kind. 

I next made hand-made sheets to see what effect a liberal use 
of alum without sizing would have on the stuff, with the result 
that the paper was hardened but apparently not sized at all. 
After the lapse of about five years, I find these samples possibly 
a trifle more resistant to ink but still very absorbent. The same 
is true of samples which were made with regular furnish of size 
and precipitated with sulphuric acid. In suggesting how a com- 
putation to determine the amount of alum required for a partic- 
ular mill should be made, Cross and Bevan refer to the lime-salts 
natural in the water and residues of the stock as precipitants of 
the size. The impression is created that they contribute to the 
sizing of the paper and are a factor in determining the required 
alum. I shall show that the reverse is true and that they are a 
drawback to sizing. 

Some years ago a prominent manufacturer of alum found it 
convenient to use a small amount of zinc in connection with the 
solution of the alumina for the purpose of reducing the iron and 
thereby masking its presence. Whenever this was discovered 
by consumers, the manufacturer claimed it had an efficient sizing 
value. 

The time finally came when, if paper could be effectually sized 
by some of these agencies, I could make good use of them and I 
determined to investigate them. In addition to the work above 
reported, I made paper, using as precipitating agents, calcium 
sulphate and calcium chloride. The resulting pulp was slightly 
alkaline and the paper was not sized properly, though the samples 
made with calciuin sulphate appeared to a better advantage. 
I next tried the calcium sulphate, using an excess of sulphuric 
acid to make the reaction acid. This showed an improvement, 
though the paper was not well sized. Zinc sulphate was next 
tried, with the result that the paper was extremely absorbent, 
and hence the claim of a sizing value for zinc sulphate fails. 
Lead acetate was also tried, knowing its ability to precipitate 
organic acids. The paper was very soft and absorbent. 

Side by side with these, tests were made with varying amounts 








262 SIZING PAPER WITH ROSIN SOAPS. 


of alum showing a marked difference in the degree to which the 
paper was sized, according as large quantities of alum were used, 
even though enough had been used to precipitate all the size. 

Some aluminum chloride was prepared in the laboratory and 
used as a precipitant of the size in another test to discover whether 
the base alumina would assert its character as a sizing agent, 
when furnished as a chloride. The results were satisfactory and 
the paper sized. 

I next prepared a quantity of freshly precipitated aluminum 
hydroxide and after having obtained a quantity of prepared 
stuff from our beaters, containing clay, size, etc., but no alum or 
other precipitant, I precipitated the size with an excess of sul- 
phuric acid and made sheets which showed some sizing effect. 
To the same pulp so prepared, I added the precipitated aluminum 
hydroxide with a marked difference in the results, although the 
stuff and aluminum hydroxide were only stirred up by hand for 
two or three minutes. The paper was much harder and better 
sized. 

My last test was to treat paper stuff containing no size or alum 
with aluminum hydroxide only. The result was that the paper 
was very much hardened but was not sized at all. The conclu- 
sions which we must draw from these experiments are: First, 
that alum precipitates the size as a resinate effectually and that 
the paper is sized by the resinate, the rosin and alumina sepa- 
rately, and that the resinate is to a degree broken up by the basic 
character of the cellulose as claimed by Cross and Bevan, but may 
not be wholly broken up, depending upon conditions, quantity 
furnished, etc. 

Second, that there is no evidence to support the claim that 
free rosin will effectually size paper and the arguments for free 
rosin sizes fail. On this very point Mr. W. C. Ferguson, in this 
Journal, 16, 155 (1894), states, and very truly, that basic alums are 
more effectual sizing agents than normal alums because they 
contain more alumina and part with it to the rosin acids more 
easily. He recognized the important part played by the alumina 
as a sizing agent. 

Third, we must also conclude that any precipitant having an 
alkaline base as calcium, lead, zinc, etc., will not size paper even 
though the rosin is effectually precipitated, and the reason for 
this would seem to be that on account of their basic character there 
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can be no chemical affinity between them and the basic cellulose 
hydrates. It is also pretty clear that the cellulose hydrates 
have not the power to combine directly to the extent of being 
“‘sized"’ with either free rosin acids or aluminum hydroxide, but 
that when combined asa resinate of aluminum, the size having been 
beaten into the fibers and precipitated, there is a sufficient break- 
ing-up of the resinate and combination both of the rosin acid and 
alumina, relatively acid, to combine with the cellulose to effec- 
tually size it. 

Finally, as a corollary to this proposition, we must conclude 
that papers whose stuff has been treated with hard waters or to 
which calcium sulphate has been added as a filler cannot be sized 
as effectually, for the reason that they precipitate the size before 
the addition of alum is made, leaving no work as a precipitant 
for the alum to do. This is found to be true in practice. 


MECHANICSVILLE, N. Y. 


ON THE PRESENCE OF COTTON-SEED OIL IN LARDS 
FROM HOGS FED UPON COTTON-SEED [IEAL. 
By A. D. EMMETT AND H. S. GRINDLEY. 
Received December 21, 1904. 

HavinG had occasion to make for the Department of Animal 
Husbandry, of the Experiment Station of the University of 
Illinois, quantitative determinations of cotton-seed oil in lards 
rendered from the fat of hogs fed largely upon cotton-seed meal, 
a more detailed study of the samples was undertaken in order to 
add, if possible, some information as to whether cotton-seed oil 
actually existed in the body fat of the animals. 

That many of the vegetable oils enter into the make-up of the 
body fat in some manner or other, there can be but little doubt. 
Lebedeff,* and Henriques and Hansen? in feeding linseed cake, 
Monk* in feeding rape oil and the fatty acids from mutton tallow, 
Lebedeff* and Rosenfelt® in feeding mutton fat; and Shutt® in 
feeding maize, have shown that the resulting fat differs mate- 


1 Ztschr. physiol. Chem.,-6, 149. 

* Thier. Chem. Ber., 29, 68. 

3 [bid., 14, 411. 

* Zischr. Physiol. Chem., 6, 149. 

5 Thier. Chem. Ber., 25, 44. 

® Canada: Cen. Expt. Sta. Bull., 38. 
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rially from the normal fat body in appearance and properties— 
melting-point and iodine number. 

On the other hand, Radziejewsky' with rape seed oil, Subbotin? 
with soap, Lebedeff* with tributrine, Henriques and Hansen‘ 
with linseed oil on cows, Boémer,> Harrington and Adriance! 
Virchow,’ Van Engelen,® Solstein,® Langftirth,’° and Fulmer" with 
cotton-seed meal, were unable to obtain affirmative results in 
their feeding experiments, although in almost every instance 
there were some abnormal changes detected in the fat. In the 
cases of cotton-seed meal some of the investigators found, by the 
Halphen and Bechi colorimetric tests, as high as 15 to 30 per 
cent. of the oil. 

Thus, admitting that the presence of vegetable oils influences 
the fat of animals to some extent, the question arises as to how 
these oils exist in the body fat. Are they assimilated unchanged 
through the lacteals and thus find their way into the circulatory 
system, being carried on to the fat cells? Are they first broken 
up into simpler bodies and then absorbed by the lacteals, or are 
they subjected to the intricate processes of metabolism—saponi- 
fied by the bile, ete.—and converted into animal fat? 

The fact that Monk, in feeding rape oil to dogs, not only found 
the olein content of the body fat much above the normal, but 
that he was able to separate eruic acid, a characteristic ingre- 
dient, tends to show that in one case, at least, the vegetable oil 
was evidently absorbed unchanged. On the other hand, since 
Henriques and Hansen found, in their work on the feeding of 
linseed oil to pigs and dogs, that the same ration may affect the 
fat of one animal and not that of another; and since Lebedeff 
in feeding the same animal on different fats—linseed oil and 
tributrine—was able to detect a change in the former case but 
none in the latter, it tends to indicate that the nature of the 
assimilation of the rations varies under certain conditions—with 
the animal and kind of animal and with the fat and kind of fat. 


1 Virchow’s Archiv., 56, 211; 43, 268. 

* Zischr. f. Biol., 6, 73. . 

3 Zischr. Physiol. Chem., 6, 149. 

Thier. Chem. Ber., 29, 68. 

5 Zischr. Unt. Nahr. u. Genus., 1899, 2. 

Texas Expt. Sta. Bull., 29. 

7 Ztschr. Unt. Nahr. u. Genus. (1899), 8, 46-48. 
8 Chem. Centr6l., 1899, 2. 

® Zeit. offentl. Chem., 8, 140. 

10 Zischr. angew. Chem., 14, 685. 
1 This Journal, 24, 1148; 26, 837. 
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To answer this question of assimilation in the case of cotton- 
seed meal-fed hogs, there seemed but one way as suggested by 
Hehner’ in 1880, when European markets were being flooded with 
adulterated American lards, namely, to actually establish the 
presence of a vegetable oil. At that time, the solution resolved 
itself, in the case of cotton-seed oil, into the following statement: 
If a lard gave the Bechi-Maumené test together with a high iodine 
value and a low melting-point, it should be condemned. But in 
cases of doubt, Salkowski’s? method for the separation of vegetable 
cholesterin should be applied. Later, many other colorimetric 
tests were submitted, chief among them being the nitric acid and 
the Halphen tests. Of the former, Lewkowitsch® stated, previous 
to the appearance of the latter, that he preferred it to all others. 
Halphen’s test, however, has come into prominence and is con- 
sidered to-day to be the most convenient and reliable method, 
both from the qualitative and the quantitative standpoint, for 
estimating cotton-seed oil, and by many it has been given the 
preference to the once official Bechi test. 


In dealing with lards from hogs fed upon cotton-seed meal, 
the factors are to some extent different from those in the case of 
rendered lards mixed with cotton-seed oil. The analytical num- 
bers—iodine absorption value, and melting-point—are not trust- 
worthy, although indicative. Boémer‘ has shown that the varia- 
tions in the iodine number make this test impracticable. Albert® 
and likewise Henriques and Hansen® have found that the compo- 
sition of the fat from different parts of the same ‘animal is subject 
to great differences in melting-point and iodine number. In the 
case of Albert, these variations were greater, on the average, 
than could be ascribed to any feeding ration. Hence, in this 
short study, we have directed our attention chiefly to other tests 
for determining qualitatively the presence of a vegetable oil. 

One of the supposed essential differences between animal and 
vegetable oils is in their monatomic alcohols called cholesterins. 
The former, animal cholesterin, crystallizes from hot alcohol in 
thombic plates, and the latter, vegetable cholesterin and desig- 


1 Analyst, 13, 165. 
* Ztschr. anal. Chem., 26, 557. 
“Oils, Fats and Waxes,” Benedickt and Lewkowitsch 


* Zischr. Unter. Nahr. u. Genus., 1898, 532. 
5 Landw. Jahrb., 28, 961. 
8 Bied. Centr. Blatt. Agr. Chem., 30, 182. 
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nated by Hesse‘ as phytosterin, crystallizes in needles arranged 
in stars, fans or bundles. According to Bomer,? in a mixture of 
the two cholesterins, the phytosterin either takes on the form 
of elongated plates which may or may not have angles at the 
ends, or if it is in much the greater proportion, of needles which 
lie upon the rhombic plates of the animal cholesterin. Van 
Kettel® states that another distinguishing feature of some veg- 
etable oils, and especially cotton-seed oil, is that they give the 
pentosan reaction. In this connection Rudzinski‘ has recently 
shown that the pentosans occur in company with the carbohy- 
drates in the plant cells and are closely connected with cellulose, 
a prominent constituent of cotton-seed meal. Slovtzov’ also 
states that a part at least of pentosans is absorbed by the animal 
body. In 1891 Welman® proposed his phosphomolybdic test for 
vegetable oils, suggesting that the reaction might be due to gluco- 
sides. In 19017 he defended the attacks upon his test and added 
that the final blue coloration which would also result if amines 
were present, was of little value, as the characteristic feature 
was the green color produced when the nitric acid was added. 
Seiler and Verda® have lately stated that Welman’s reaction, 
though not a positive test, gives good indications of the presence 
of vegetable oils in admixtures of animal fats or mineral oils. 
Again, as suggested above, Bomer worked upon the separation 
or detection of a vegetable oil in lards from cotton-seed meal-fed 
hogs. His conclusions were that inasmuch as he could not obtain 
crystals of phytosterin, the vegetable oil was not retained in the 
animal fat. He also stated that since a trace of the fatty acids 
lowers the melting-point of the crystals, the differences in their 
form should be relied upon rather than that of the melting-point. 
Virchow, who also worked upon this question, obtained results 
agreeing with Bémer as to the separation of phytosterin and the 
presence of a vegetable oil in the body fat. Solstein in his work 
was likewise unsuccessful in isolating the vegetable cholesterin and 
also in obtaining positive results with the Welman reaction. He 


1 Ann. Chem, (Liebig), 192, 175. 

2 Mitt. d. Kgl. Techn. Versuch., 18, 255. 

3 Monat. Scientifique, 1900. 

4 Ztschr. physiol. Chem., 40, 317. 

5 Ztschr. Unter. d. Nahr.u. Genuss., 1904, p. 2. 
6 Pharm, Ztg., 36, 798. 

7 Ztschr. f. offentl. Chem., 6, 1433; 45 852. 

8 Chem. Zig., 27. 
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stated that a lard, although it might give the Halphen test, should 
not be condemned unless it gave Welman’s reaction and crystals 
of phytosterin. 

It is noteworthy, at this point, that where the Halphen, Bechi, 
and nitric acid colorimetric tests have been applied to lards from 
cotton-seed meal-fed hogs, these reactions have been obtained 
almost without fail. The majority of investigators agree that 
each of these characteristic reactions for cotton-seed oil is de- 
pendent upon a specific constituent in the oil for its ultimate 
color. If this is the case, then the animal fat has apparently 
assimilated these three bodies in their unaltered condition, either 
through the medium of the unchanged cotton-seed oil or its 
simpler decomposition products, for, should they have been sub- 
jected to the regular processes of metabolism, it is difficult to con- 
ceive that they could have been transmitted to the fat cells 
without one of them having lost its characteristic property. 

In our work, samples of leaf and ham fat were obtained from 
each of four hogs which had been fed largely upon cotton-seed 
meal. The fats were rendered in the laboratory at a low tempera- 
ture, not exceeding 120° C. A sample of leaf fat, known to be 
free from cotton-seed oil, was also rendered at the same time 
and under the same conditions. Quantitative determinations of 
cotton-seed oil were then made on each of the eight samples of 
lard by the Halphen and Bechi-Hehner tests. The amount of 
cotton-seed oil was found to range from 5 to 15 per cent. The 
Bechi-Hehner method gave somewhat higher results throughout. 

The first four samples of the above lards were then taken for 
the more detailed study as to the presence of the vegetable oil. 

In applying the nitric acid tests to these lards, the character- 
istic brown color appeared at once and was very pronounced. A 
blank test upon the pure lard gave no color, even after standing 
twenty-four hours. 

As suggested by Van Kettel, Tollen’s! phloroglucinol hydro- 
chloride reaction for pentosans was tried. With each of the sam- 
ples a distinct reddish pink ring was noticeable at the juncture 
of the two layers. A parallel determination upon the pure sample 
gave no such results, showing that pentosans were present in the 
lards in question. 


Welman’s phosphomolybdic test was carefully tried. The 
1 Jour, f Landw., 40, 13. 
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characteristic green and blue colorations were obtained repeatedly 
when applied to the samples in question, but in no case could they 
be produced with the pure lard. 

Having been successful in these characteristic tests, attention 
was then directed to the separation of the vegetable cholesterin, 
phytosterin, believing, with Salkowski, Hehner, Bomer, Solstien 
and others, that should this unsaponifiable substance be found, 
the evidence would be still stronger in favor of the presence of a 
vegetable oil in the lards. 

Three attempts were made to separate the phytosterin. First, 
Von Raumer’s' method was found to yield a substance which 
agreed fairly well with the description of phytosterin, but the 
quantity obtained was so small that no positive results could be 
procured. Forster and Riechelman’s? method was then applied. 
The yield was somewhat larger than in the previous case and the 
same characteristic features concerning the crystalline formation 
were noticeable. In this instance, a parallel determination was 
made upon a sample of cotton-seed oil. There was a similarity 
in their crystalline structure, but we were still dissatisfied with 
the results. Ina somewhat recent article by Ritter,* he has shown 
that his method for the separation of cholesterin from fats will 
give a larger yield than any of the others. We were led to try 
this procedure in our case. Briefly stated, it is as follows: Fifty 
grams of the fat are heated in a porcelain dish upon a water- 
bath with 100 ec. of alcohol. This solution is saponified by the 
addition of a hot mixture of 8 grams of sodium hydroxide 
and 160 ce. of strong alcohol. It is then evaporated and 
75 grams of sodium chloride are added and the whole is 
dissolved in hot water. The solution is brought to dryness with 
continued stirring and the residue pulverized, and left over sul- 
phuric acid for some time. The dried mass is then extracted 
with ether for at least nine hours, using a Soxhlet apparatus. 
The extract is freed from ether at a low temperature and the 
residue of cholesterin is finally taken up with hot alcohol and 
allowed to cool slowly, when crystals will separate. 

Two hundred grams of the lard in question and 50 grams of 
pure cotton-seed oil were carefully treated as just stated. Asa 
result, we obtained a much larger yield than in either of the other 
1 J, Soc. Chem. Ind., 1898, p. 774. 


2 Analyst, 1897, p. 131. 


8 Ztschr. physiol. Chem., 34, 461 
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two methods, although the amount obtained in this case was 
still small. The crystals from the evaporation of the ether were 
needles. After treatment with hot alcohol and allowing the crys- 
tallization to continue slowly, needles again separated. Inthecase 
of the cotton-seed oil, they were arranged in stars, and in the case 
of the lard, in leaf-like forms. Upon recrystallization, the stars 
retained their same general shape, but the leaf-like forms changed 
into bundles of needles. These bundles crossed each other at ° 
different angles, forming clusters. A second recrystallization of 
these bundles gave crystals of a distinct fan shape with a star 
of needles as a base and having the fascicular portion built up 
from this nucleus. By recrystallizing these again, they passed into 
the previous form—bundles of needles. Salkowski’s chloroform- 
sulphuric acid test for cholesterin was applied to this small quan- 
tity of crystals. The test proved the presence of a cholesterin 
and the crystalline form indicated that it was probably phytosterin. 

However, as a further confirmation of the presence of phyto- 
sterin, Bomer ascertains the melting-point of the acetic esters of 
these crystals. He states' that this method is a very sensitive one 
for detecting the kind of cholesterin. If the melting-point of the 
crystals is 116° C. or higher, it shows phytosterin to be present. 
This method has been used by Tolinan’ in attempting to identify 
phytosterin in lard from cotton-seed fed hogs, in which he ob- 
tained negative results: Juckenack and Pasternack* agree with 
Bomer in regard to the acetate test for phytosterol, but 
they do not make any statement as to its delicacy. On the 
other hand, Siegfeld‘ states that while the test is accurate, it is 
not sensitive in the cases of the fats with which they worked— 
margarin and palmitin—to less than 10 per cent. Bomer claims 
that cotton-seed and sesame oils, which are frequently present 
to considerable extent in margarin, can be detected by this test 
when present to the extent of only 1 to 2 per cent. It is thus 
apparent that there is still a difference of opinion as to the delicacy 
of this test. In our work, as a result of repeated experiments, we 
always obtained crystals which closely resembled those of phyto- 
sterin but as yet we have not been able to prove conclusively the 
presence of this substance by the melting-point of its acetate. 


' Zischr. Unter. Nahr. u. Genus., 4, 1901; §s 1902. 
= Science, 1904, 763. 

3 Zischr. Unter. Nahr. u. Genus., 7» 1904. 

* [bid., 7, 1904. 
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This brief study, which was originally undertaken in order to con- 
firm the Halphen and Bechi tests for cotton-seed oil in lards from 
hogs fed upon cotton-seed meal, has been found to present so 
many subjects of interest upon which as yet very little has been 
published that we are now making still further investigations upon 
the problems involved. 


CONCLUSIONS. 


These several samples of lard rendered from the fat of cotton- 
seed meal-fed hogs, were found to give the following tests for 
vegetable oils: (I) Welman’s reaction; (II) Tollen’s pentosan re. 
action ; (III) Salkowski’s cholesterin reaction; and (IV) crystalsre- 
sembling phytosterin. The samples also gave the following tests for 
cotton-seed oil: (I) the Bechi; (II) the nitric acid; and (III) the 
Halphen reactions. From this it is evident that two statements 
can be made, first that the lards contain a vegetable oil, and 
second, if we agree with the most recent authorities, they contain 
three distinct constituents of cotton-seed oil. Hence, it seems 
safe to say that a part at least, of the oil existing in cotton-seed 
meal, is absorbed, in the case of hogs fed upon this ration, by 
the animal body and transmitted in its unaltered condition 
to the fat cells. 


[CONTRIBUTION FROM THE LABORATORY OF THE BUREAU OF INTERNAL 
REVENUE, U. S. TREASURY DEPARTMENT. ] 


THE DETECTION OF PALI1 OIL WHEN USED ASA COL- 
ORING MATERIAL IN OILS AND FATS. 


By C. A. CRAMPTON AND F. D. SIMONS. 


Received January 9, 1905. 


THE high natural color of palm oil, together with the difficulty 
of detecting its presence when mixed with other oils and fats in 
small proportion has led to its use as a means of imparting a color 
to oleomargarine. In most of the cases that have occurred under 
the Federal law, the palm oil has been incorporated in the product 
by the use of cotton-seed oil, to which 2 to 5 per cent. of palm oil 
had been added. Two oils of this character, sold in the trade as 
“‘butter oils,’ gave the following figures: 
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DETECTION OF PALM OIL. 


No. 6685. No. 6732. 

Specific gravity, at 15.5° C.....0+ sesseeeeeeees 0.9119 0.9127 
Refractive index, 80-2567 ©..5 <c565<cascevesseses 1.4701 1.4706 
VOCE ValUes..oc05escts caresessscaceccceecccdecyeress 107.8 110.3 
Free acid (cc. normal alkali required for 

POO GEAWMIS OM) vee occcace- acs: caveseedeccaseuens 3.1 1.2 
Color (taken in 1 inch cell of Lovibond’s 

tintometer) : 
Brewer’s scale. Too dark to read.......... 116 

‘ RC so a-cdacacericeansassesetevasdsecsaseecs 32 24 
Of seats WINN co aitscevtvafttelaninadenanes 280 72 


The high color of the samples indicated the presence of some 
coloring-matter foreign to cotton-seed oil, but tests for the yellow 
coloring-matters ordinarily used in oleomargarine and butter 
(annatto, azo dyes, etc.) gave negative results. The high acid 
value of the samples (0.01 cc. normal alkali for 100 grams fat, 
or 0.25 per cent. calculated as oleo-palmitic acid, is the commercial 
limit in cotton-seed oils when used for edible purposes) indicated 
that an oil or fat containing a considerable quantity of free fatty 
acid had been added to the cotton-seed oil. 

One hundred grams of each sample were dissolved in petroleum 
ether and shaken out with 50 cc. of alkali solution, containing 
0.5 per cent. of potassium hydroxide. The watery layer was 
drawn off, made faintly acid with hydrochloric acid, and the pre- 
cipitated fatty acid separated by filtration through filter-paper. 

The melting-point, refractive index and iodine value of the 
fatty acids were determined, with results as follows: 


No. 6685. No. 6732. 
Melting points <<. 2..scscascevauseacccccvasieccucewssescscsess 4a 42° 
Refractive aides: at o57 Csiocccutcavccdencicncedccuss 1.4642 1.4664 
ROGING: VANE socacscwsvacs srevtwasaewetedaesvascentaceonceiees 34.8 37-3 


These figures showed the presence of a considerable portion of 
the higher fatty acids, and indicated that a fat of a much higher 
melting-point had been added to the cotton-seed oil. The only 
fat that could have carried the free acids of high melting-point, 
and also the color, was palm oil, and accordingly mixtures were 
made of ‘‘summer yellow” cotton-seed oil, the grade usually 
sold as ‘‘butter oil,’’ and palm oil. These mixtures, when sub- 
jected to the above-described treatment, gave exactly the same 
results as the samples under examination, yielding solid, free acids 
which melted at from 43° to 45° C., with a refractive index of 
about 1.4626. 

























272 C. A. CRAMPTON AND F. D. SIMONS. 


Very little free fatty acid could be obtained from any sample of 
cotton-seed oil alone, and the little that was obtained was liquid 
at ordinary temperatures; a sample of corn oil, which had under- 
gone a treatment of oxidation to fit it for use in paint, gave a small 
quantity of free fatty acid, which, however, melted at 21° C, 
more than 20° lower than the temperature at which the free acids 
from the samples melted. The conclusion was positive, there. 
fore, that the palm oil had been added to the cotton-seed oil for 
the purpose of imparting a color, and by matching the color of 
the samples in the tintometer with known mixtures an approxi- 
mate determination of the amount of palm oil present was ob- 
tained. In this way, No. 6732 was found to contain about 2 
per cent., and No. 6685 about 5 per cent. of palm oil. 

For the identification of palm oil in the finished product, oleo- 
margarine, the above methods would not suffice. The free acids 
of the fats present would be separated, and could not be distin- 
guished from the free acids of palm oil. In the samples under 
examination, the percentage of palm oil present was probably 
about 0.5 per cent., certainly not over 1 per cent., and for the 
detection of this small quantity a resort to color reactions was 
imperative. Two tests of this kind were worked out, which, ap- 
plied with certain precautions, and with care as to the use of pure 
reagents, were sufficiently pronounced and characteristic to estab- 
lish positive proof of the presence of palm oil even in the small 
quantities mentioned. 

FIRST METHOD. 


The reagent used in this test was similar in character to Hal- 
phen’s reagent, used to detect the presence of rosin oil in mineral 
oils.* 

The method of applying it was as follows: One hundred ce. 
of the fat are dissolved in 300 cc. petroleum ether, and shaken out 
with 50 cc. of 0.5 per cent. potassium hydroxide. The watery layer 
is drawn off, made distinctly acid with hydrochloric acid, and 
shaken out with to cc. of carbon tetrachloride. The carbon 
tetrachloride solution is separated and part of it tested with 
the following reagent: Two cc. of a mixture of one part crystal- 
lized phenol in two parts carbon tetrachloride is added to it ina 
porcelain crucible, then 5 drops of hydrobromic acid (sp. gr. 1.19), 
and the contents mixed by gently agitating the dish. 

1 J, Soc. Chem, Ind., 21, 1474 (1902). 
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The almost immediate development of a bluish green color is 
indicative of palm oil. 

SECOND METHOD. 

For this test an adaptation was made of the reagent used in 
the Liebermann-Storch test for rosin oil.! 

The following is the detailed procedure: ‘Ten ce. of the melted 
and filtered fat are shaken with an equal volume of acetic anhy- 
dride (chemically pure and colorless), then one drop of sulphuric 
acid (sp. gr. 1.53) is added, and the mixture shaken a 
few seconds. If palm oil be present, the lower layers on settling 
out will be found to be colored blue with a tint of green. 

The test was applied to all the oils and fats ordinarily used 
for edible purposes, and none were found to give the characteristic 
color, except that sesame oil and mustard oil gave colors which 
might be confused with the color obtained from palm oil. For- 
tunately, these are not oils having a high natural color, conse- 
quently they would be present, if at all, in some considerable 
quantity, and their presence may easily be demonstrated by 
characteristic tests, the sesame oil by the furfural reaction, and 
the mustard oil by the high refractive index of tlie fatty acids 
extracted by the alkali solution. 

The coloring-matter in sesame oil, which is the cause of this 
color reaction, may also be separated by repeated extractions 
with alcohol, when the oil left will not give the blue color. A 
similar number of extractions of cotton oil containing 1 per cent. 
of palm oil had no effect on the formation of the color. Mustard 
oil has not yet been tested after shaking out with alcohol. 

The following precautions should be observed in the applica- 
tion of both of the color tests described above: 

(1) The reagents used must be chemically pure and colorless. 
A tint of yellow in the carbon tetrachloride, acetic anhydride, or 
carbolic acid has a marked influence on the development of the 
color. 

(2) The sample to be tested must have been freshly filtered 
and the filtering done at a temperature not exceeding 70° C. 
The duration of the heating must be as brief as possible. 

(3) The sample should be kept in a cool, dark place until 
filtered and tested. Undue exposure to air and light, or the 
presence of water, alcohol, ether, or similar reagents interfere 
with the color reaction. 
1 Lewkowitsch : Vol. 1, p. 384. 
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(4) It will be noted that the bluish-green color developed in 
each test is transient. Changes occurring after the lapse of sey- 
eral minutes are to be disregarded. 

(5) As a further corroboration of the presence of palm oil, the 
refractive index of the fatty acids extracted by the alkali should 
be determined. The refractive index of the fatty acids extracted 
in the above manner from an oleomargarine made up of oleo oil, 
neutral, cotton-seed oil, and a small amount of palm oil, will not 
exceed 1.4615 at 25° C. On the other hand, if corn, mustard, or, 
in fact, almost any of the other vegetable oil be used in the 
manufacture of the oleomargarine, the refractive index of the 
fatty acids extracted will be much higher, depending on the quan- 
tity of the oils used. 

Bleached palm oil does not give the color reactions described. 
They are, therefore, dependent, either upon the coloring-matter 
of the palm oil itself, or upon some constituent which is destroyed 
by the process of bleaching. 








ON A GLOBULIN OCCURRING IN THE CHESTNUT. 
By WILLIAM EDWARD BARLOW. 
Received January 4, 1905. 

Tus paper presents the first results of an investigation which 
the writer hopes shortly to continue. It is offered as a slight 
addition to the sum of our knowledge of the vegetable proteins 
—a knowledge for which we are indebted chiefly to the well- 
known researches of Osborne, Harris, Campbell and others. 

The globulin studied by the writer was obtained as follows: 
Spanish chestnuts, of the edible variety (Castanea vesca), were 
peeled, bruised in a mortar, and treated with ether in an extrac- 
tion-apparatus until most of the oil was removed. The resulting 
mass was then finely powdered and again extracted with ether 
until a fat-free meal was obtained. This meal was treated with 
a 10 per cent. solution of sodium chloride for several hours at 
50° C. The resulting solution, strained and filtered until almost 
clear, gave a flocculent precipitate on saturation with ammonium 
sulphate. This precipitate was filtered out, drained free from 
the liquor, washed, and dissolved in 10 per cent. sodium chloride 
solution. ‘The solution was filtered repeatedly until perfectly 
clear and bright and then dialyzed for four days against running 
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hvdrant-water, and, finally, for several hours against frequent 
changes of distilled water. The precipitate which formed inside 
the dialyzer was removed, washed, and dried in a vacuum over 
sulphuric acid. 

The substance so isolated was a grayish powder. Under the 
microscope it was seen to be apparently quite homogeneous, 
consisting entirely of small spheroids, all of approximately the 
same size and shape. The first portion to separate inside the 
dialyzer consisted of minute plates bound by three curved edges, 
resembling a form which the writer has seen in impure excelsin, 
but showing no inner nucleus. 

The proteid was entirely insoluble in distilled water, even on 
warming to 45°C. Ina to per cent. solution of sodium chloride 
it dissolved almost completely. Separate portions of this cloudy 
solution, filtered clear, gave the following reactions: 

(1) Saturation with sodium chloride produced only a slight 
precipitate. 

(2) Saturation with magnesium sulphate gave a heavier pre- 
cipitate, but, on testing the filtrate from this, much of the proteid 
was found to be still in solution. 

(3) Saturation with ammonium sulphate precipitated the sub- 
stance completely. 

(4) An approximately 5 per cent. solution of the proteid in 
10 per cent. sodium chloride solution gave, on dilution with an 
equal volume of water, a comparatively slight precipitate which 
became more considerable on addition of more water. 

(5) Mercurie chloride produced a slight precipitate; and both 
tannic acid and picric acid gave a heavy precipitate. 

(6) The substanee responded to all the general proteid reac- 
tions, such as the Biuret test, the Nanthoproteic reaction, 
Millon’s reaction, etc. 

(7) Extremely dilute hydrochloric acid, or acetic acid, precipi- 
tated the globulin from its saline solutions in a form not easily 
soluble in excess of the precipitant. 

The dry proteid dissolved easily and completely in a solution 


of sodium carbonate of a concentration of about 0.2 per cent., 
and on careful neutralization with very dilute hydrochloric acid 
it was completely reprecipitated. On adding crystals of sodium 
chloride until the liquid contained 10 per cent. of this salt only 
a part of the precipitated proteid dissolved. The filtrate fr. m 
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the cloudy solution contained some—and apparently the greater 
part—of the proteid in unaltered form. 

The proteid dissolved completely in 0.02 per cent hydrochloric 
acid, and was reprecipitated from this solution by the addition 
of a drop of saturated ammonium sulphate solution, or by the 
addition of a small crystal of salt. This precipitate was almost 
entirely insoluble in stronger sodium chloride solution. 

The solid substance mixed with a little concentrated sulphuric 
acid and twice the volume of glacial acetic acid gave, at once, a 
pale violet coloration. 

Dissolved in cold concentrated hydrochloric acid, and allowed 
to stand for some time without warming, the proteid developed 
an amethyst coloration. 

Attempts to determine the coagulation-temperature of saline 
solutions of the globulin led to the following results: Opa- 
lescence began at 74° to 75° C. Flocks were produced in small 
quantity by heating for some time at 96° to 97° C. On addition 
of a trace of hydrochloric acid at this temperature a complete 
precipitation of the proteid in flocks took place at once, indi- 
cating that the substance is precipitable only slowly and incom- 
pletely by heat alone. By actually boiling its solution the proteid 
coagulated in flakes somewhat slowly, but the addition of a trace 
of acid instantly completed the precipitation. 

The precipitation limits with ammonium sulphate were deter- 
mined by the method given by Osborne and Harris'. The lower 
limit was 3.0 cc. The bulk of the proteid was precipitated be- 
tween 3.0 and 4.1. To remove the last traces required 4.2 cc. 

The amount of the substance obtained in this first investiga- 
tion was so small that it was impossible to determine its percentage 
composition or its specific rotation. The facts brought out so 
far show, however, that the body is a true plant globulin, and 
that in most of its reactions it resembles the globulin of the filbert 
(corylin) more closely than it does other members of the group, 
although it differs from corylin in coagulation-temperature and 
in precipitation limits. A further investigation is to be under- 
taken in this laboratory with the object of determining whether 
the chestnut globulin is or is not identical with corylin or any 
other of the vegetable proteids hitherto isolated. If it is not—as 
appears probable-—the writer would propose for it, as indicative 
of the source, the name castanin. 


VIRGINIA POLYTECHNIC INSTITUTE, BLACKSBURG, VA, 
1 This Journal, 25, 837-842 (1903). 
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ON A NEW [METHOD OF GENERATING FORMALDEHYDE 
GAS FOR FUMIGATING PURPOSES. 
By HENRY V. WALKER. 
Received December 14, 1904. 

THe method of generating formaldehyde gas for fumigating 
purposes, which I shall describe, has been devised with the object 
of overcoming certain difficulties which attach to the methods 
generally in use, and which have prevented the adoption of for- 
maldehyde as a fumigating agent in municipal work. ‘‘Formal- 
dehyde generators” are complicated and rather expensive ma- 
chines, very liable to get out of order, and requiring frequent 
repairs and replacement. The time required to generate sufficient 
gas by means of these machines to fumigate an apartment, is a 
further objection. The use of solid polymerized formaldehyde 
(paraform), which is vaporized by means of a burning charcoal 
cone, obviates some of the difficulties which are encountered 
with the machines. Unfortunately, paraform as a fumigating 
agent leaves much to be desired as to efliciency. This is due to 
several causes, chief of which are the absence of moisture, the 
complete combustion of a large part of the paraform, and the 
volatilization of the paraform as such, instead of its decomposi- 
tion into simple (gaseous) formaldehyde. The use of burning 
fuel in a sealed apartment also presents a constant source of dan- 
ger and frequently causes damage to carpets and furniture. 

The method of generating formaldehyde gas from its aqueous 
solution, which is the subject of this paper, consists in utilizing 
the property of lime of combining with water, and thus to remove 
the solvent and liberate the gas. The addition of lime to aqueous 
formaldehyde, however, is not an efficient means of generating 
formaldehyde gas for two reasons: 

(1) The mere ebullition of such a solution does not suffice to 
expel the gas. 

(2) Calcium hydroxide reacts with aqueous formaldehyde, 
forming carbohydrates as akrose, formose, and their decomposi- 
tion product, methylenitan. 

The first of these difficulties is avoided in the process about to 
be described by using a sufficient quantity of lime to combine 
with all the water contained in the formaldehyde solution. The 
lime is used, not as a calorific body but as a dehydrating agent. 
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The second difficulty mentioned is overcome by the addition 

of a substance such as sulphuric acid or aluminum sulphate, 
which reacts with lime to form an insoluble compound. It has 
been found, as was to be anticipated, that the reaction between 
calcium hydroxide and formaldehyde is dependent upon the 
hydroxide being present in solution, thus facilitating molecular 
contact and chemical reaction. The bodies mentioned (sul- 
phuric acid, sulphate of alumina, ete.), by keeping the reacting 
mixture free from calcium hydroxide in solution, prevent condensa- 
tion of the formaldehyde. 

When sulphuric acid is used, the fumigating liquid is made by 
adding to the commercial 4o per cent. formaldehyde solution 
about one-third of its volume of commercial sulphuric acid. 
Hight fluidounces of this mixture, with one pound of lime, are 
required for each one thousand cubic feet of the apartment to 
be fumigated. 

A serious objection to the sulphuric acid mixture is that upon 
standing the formaldehyde is converted into solid polymerized 
formaldehyde (paraform), which separates out in the form of a 
deposit closely adherent to the bottle. The use of this mixture 
has therefore been abandoned in favor of a mixture containing 
aluminum sulphate instead of sulphuric acid, as this mixture does 
not deposit paraform. 

The mixture is made by dissolving 20 to 25 pounds of commercial 
aluminum sulphate in 5 gallons of hot water, and mixing this 
solution with fifteen gallons of 40 per cent. formaldehyde solution. 
Eight fluidounces of this mixture and one pound of lime are used 
for 1,000 cubic feet. It is necessary to use a lime which slacks 
rapidly with cold water, as this mixture is not so vigorous in action 
as the sulphuric acid mixture. The lime should be used in the 
form of coarse powder or small lumps. 

The method has the advantages of not requiring any special 
form of apparatus, of cheapness, and freedom from danger of 
fire. In municipal practice it has given most excellent results, 
over go per cent. of successful fumigations, tested by Bacillus 
pyocyanus being obtained. This high degree of success is doubt- 
less largely due to the great rapidity with which the gas is evolved, 
a sufficient quantity to fumigate an ordinary apartment being 
liberated in from five to ten minutes. 


DEPARTMENT OF HEALTH, 
BROOKLYN, N. Y. 
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AN IMPROVED FORI1 OF AMMONIA STILLS. 
By GEORGE EDWARD THOMAS AND CLAUDE M. DUGAN, JR. 
Received December 27, 1904. 
THE apparatus represented in the accompanying drawings has 
been devised to meet the demand for a design more compact 
than those now used. 





R—Glass connections. Flask to worm. 
__ M-—in this section of three, flask connections and worms are removed, showing open- 
ings in support for the rubber stoppers through which upper end of worms pass. 
P—Support removed, showing glass condenser worm, 


Fig. 1. 

Figure 1 shows the plan of a battery of twelve stills. The 
flasks rest on wire gauze, supported on round cans of }-inch sheet- 
iron with locked seams. These are perforated to aid combustion, 
as well as to facilitate the lighting of the burners, which are of 
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the Fletcher pattern, as shown in Figure 2. The gas supply 
is governed by individual cocks beneath each burner, and a valve 
connected with the main pipe. 

The flasks are joined to the worms by the side necks, which 
enter the tube C, and in turn are connected with the worms, 
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A—Flask supported by copper gauze. 


B—Flask base to be of best quality sheet iron 14” thick-locked seam—simply a round 
can without top or bottom—four '”’ round holes +,” from top edge and one 1” opening to 
allow tightening of burner and semi-circular opening at bottom for air inlet as shown 


Fig. 2. 
and so arranged that the rubber tubing B and B does not come 
into direct contact with the steam. 
The worms of glass, or block-tin, are secured to the condenser 
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tank by slit rubber stoppers, which fit in tsockets in he sheet- 
copper, partially covering the condenser, < 

and at the bottom are bound by rubber | 
tubing, beneath and above, to the brass {| 
tubes soldered to the floor of the condenser. 
The provision for independent worms re- eee 
lieves the necessity for putting the whole = ““\—#"=—— 
system out of service for repairs. ‘The | 
condenser is of }-inch copper, 24 ounces per 
square foot, partially covered by the sheet- a } ) 
copper, as mentioned, which is stiffened by = 
braces soldered to the overflow pipe, also 
extending beyond its walls, acting as a sup- 
port for the flasks, which are held in position 
by the bolts d. 

The water is supplied by pipes a and a, 
and removed by the overflow pipe e, insuring 
satisfactory circulation. 

The apparatus is supported on a circular 
shelf 36 inches in diameter (Fig. 3), which 
rests upon an octagonal table 52 inches || 





wide, having two funnels on either side 
connected with the overflow pipe for con- 





| 
venience when washing the Nessler tubes. lt. 
These are held in position by sockets be- i] ene 
neath each worm, and, when not in service, ren hitiody = 
are stored on shelves beneath the table. nny cee ae a 


City HALL, PHILADELPHIA. 


NOTES ON THE DETERIINATION OF NITROGEN AS 
NITRITES, IN WATERS.! 
BY ROBERT SPURR WESTON. 
Received January 12, 1905. 

THE determination of small amounts of nitrogen as nitrite is 
usually made by one of three methods, namely, the iodometric 
method,’ the metaphenylene-diamine-method,* or the naphthyl- 
amine method.‘ 

' Read at the Philadelphia Meeting of the American Chemical Society. 

2 Pharm. Trans., 1881, 286. 


? Sutton’s “Volumetric Analysis,” 8th Ed., p. 485. 
4 Warrington : /. Chem. Soc., 1881, 231. 
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These methods are all colorimetric, the first developing the 
iodo-starch blue, the second ‘‘ Bismark-brown,”’ and the third the 
red color of the azo dye (azo-a-amino-naphthalene-parazo-benzene- 
sulphonic acid). 

The first (Iodide) and second (Griess) of these methods are 
rarely used in America, while the third (Griess-Warrington), 
more or less modified, is employed quite generally. 

The modifications of the Griess-Warrington method concern 
the strength, amount and kind of acid used; otherwise the ana- 
lytical processes are similar. Either hydrochloric or acetic acid 
is used to produce the necessary acidity. 

The original Griess-Warrington method was carried out with 
hydrochloric acid. Ilosvay' claimed, however, that acetic acid 
should be used, as it induces a more rapid development of color 
and more uniform gradation of tint. He also claimed that the 
reagents keep better when made with acetic acid. 

In 1894 J. W. Ellms,”? studied the Griess-Warrington method 
and arrived at the conclusion that while the presence of too 
much or too strong hydrochloric acid prevents the reaction 
of the naphthylmine-hydrochloride with the phenyl compound 
(para-diazo-benzene-sulphonic acid) to form the azo dye, as much 
as 2 cc. of 1 :4 hydrochloric acid in 100 cc. of the sample could be 
used and at the same time the color would develop rapidly and the 
tint would be of satisfactory depth. His conclusions, after com- 
parison with Ilosvay’s method were that the latter method re- 
sulted in a rather slower development of the color and for small 
quantities of nitrites had no special advantage over the original 
Griess-Warrington method, when the proper quantity of hydro- 
chloric acid was used. 

At the Lawrence Experiment Station’ the use of acid, with the 
exception of a small amount used in the preparation of the re- 
agents, is omitted. 

The writer, holding views entirely in accord with those of 
Ellms, determined to make an attempt to harmonize these en- 
tirely opposite opinions. 

To do this, it was necessary to compare the tints produced 
with some permanent standard. Such a standard was made by 


1 Bull. Soc. Chim. (3), 2, 347 (1889). 

2 This study was made in the Boston Laboratory of the Massachusetts State Board of 
Health, but the results were never published. 

3 Report Mass. Board of Health, 1890. ‘Purification of Water and Sewage.”’ 
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diluting Ziehl’s phenol-fuchsine solution to such a degree that 
it exceeded the maximum color produced by o.1 mg. of nitrogen 
as nitrite in a liter. This standard did not fade appreciably 
during the course of the experiment, and matched the diazo color 
almost exactly in all dilutions. 
REAGENTS. 
‘The solutions used were as follows: 
GRIKSS-WARRINGTON, 


Reaction in terms of 
normal acid 





A, Sulphanilic acids, .-..:..-<s-<<ccsees ses 8 grams 
Hy drochilonie acid ss: 35. seasceceseccccecees 10 ce. 
Water to: miake toys cc 2.505 secs .cassseeeee 1000 cc. 1.6 N. 
B: a-Naphthylamine:......<.<.:.02..05.0000+ 8 grams 
Hydrochloric acid (conc. ) 8 ce. 
Water €0 migke: 10)<<.55 6c cescceecsescevec 1000 cc. 0.9 N. 
C@. -Hydrochlorie acted 2.2. 30.0.scsccceses —- + § N. 
ILOSVAY. 
D;, Sulphanlic acide .552¢¢.c05ccccnecsenoes -BCC: ! 4.8N, 
Acetic acid (sp. gr. 1.044)..........000 1000 ce. 
B. a-Naphthylamine......0.<...5..-25-s5ce00 0.5 ¥. | 3.9 N, 
ACGEG) ACID. ciaccssceck esses sdecesosenxe secs: 1000 ce. 
| iy." | 0 tz: 2) (| eee ARO Pm eo ee —— = Ne 


The standard nitrite solution contained 0.ooo1 gram of nitrogen 
per liter. 

EXPERIMENTS. 

Using the above reagents, a number of experiments were made 
to determine the speed of reaction, of which those given below 
are typical. The procedure was that recommended by the Com- 
mittee of the American Public Health Association,! as follows: 

Measure 100 cc. of the decolorized sample (decolorized by 
adding aluminum hydroxide free from nitrite), or a smaller portion 
diluted to 100 cc. into a Nessler comparison tube. At the same 
time make a set of standards by diluting various volumes of 
standard nitrite solution in comparison tubes to 100 cc. with 
nitrite-free water. Add the reagents; mix; allow to stand until 
the color develops; compare the samples with the standards. 
Make a blank determination in all cases to correct for the pres- 
ence of nitrite in the air, the water and the reagents. 


! Jour. Am. Public Health Asso., 1904. 
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EXPERIMENT I.—COMPARISON OF GRIESS-WARRINGTON + HYDROCHLORIC 
ACID, WITH ILOSVAY METHOD. 
a. Speed of reaction with 2 cc. of each A and B and ce. of C to each 
100 cc. of sample. 
4. Ditto with 8 cc. of each D and E. 


Readings of color developed are in terms of permanent standard. 
The figures represent the number of cubic centimeters of standard 





fuchsine solution 





in 100 cubic centimeters of the sample compared. 


Ce, of standard nitrite solution. 
Time a. Griess method. 4. Hosvay’s method 
minutes. 10, r) 3. 10, 20 
Oo oO O QO O 4 
oO oO oO oO I 5 
fa) oO fe) oO 2 8 
re) oO Oo 2 4 IQ 
3 4 6 4 8 18 
4 5 II 6 13 26 
EXPERIMENT II. COMPARISON OF SPEEDS OF REACTION BY GRIESS 


METHOD, WITH AND WITHOUT THE ADDITION OF 1 CC. HyDRO- 
CHLORIC ACID, WITH ILOSVAY’S METHOD. 


Readings of color developed are in terms of permanent standard. 





‘Temperature 


22°C. 


Qn 2-ec. Avy ace: B No hydrochloric acid. 
‘rime Ce, of standard nitrite solution. 

minutes. I Ss. Io. 25. 0. 100. 

Fe ccendceneswhs 4 IO 20 35 75 100 

Re rcsaseasakniey 4 10 23 37 - 140 

BOs sdccewicstes 5 10 24 38 75 150 

DG iescawees secs 5 10 24 38 So 150 
BO) dsisnewinsieant 5 II 24 35 50 150 t 

DO). ceccsssaaws 5 II 24 38 80 150 

ESO... 2ss0cecsses 5 12 24 35 So 160 

6. 2cc. A:2cc. B + 1 cc. hydrochloric acid C.! 
Time Cc. of standard nitrite solution. 

minutes. I 5. Io. 25. 50. 100. 

Bescsccsasesscnus I 4 6 10 18 30 

Biuiascecscse. 53 6 8 19 25 45 
BO, os ciccseensdese 4 7 IO 25 42 60 t 
Bes cccntuecsvest 5 8 Il 28 50 75 P 
BO. ciccscessacsee 5 8 14 37 70 130 | 
BD sscccxeseteesse 5 9 16 39 75 130 . 
P2O sn siesecscnnses 6 9 20 4o 75 130 Nl 

) As described by Richards and Woodman, ‘Air, Water and Food.’ 
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c. 2cec. Dand 2 cc. E (Ilosvay).' 


rime Ce. of standard nitrite solution. 
minutes I, 5. 10, 25 50. 100 
 Penrerr tre | 7 IO 25 30 15 
5 6 11 22 35 So 120 
BOR 20s xc steteace 6 II 22 35 78 130 
15 6 12 22 36 So 150 
BOivccavetcek auc 6 12 22 38 78 160 
GOsccsevesssenss 6 12 22 38 75 160 


EXPERIMENT III.--COMPARISON OF THE RELATIVE EFFECTS OF ORGANIC 
AND INORGANIC ACIDS ON THE SPEED OF REACTION WITH: 
A. Griess-Warrington method with no acid. 
B. Ditto with 5 ce. hydrochloric acid, 5 N. 
C. Ilosvay’s method. 
D. Ditto with 5 cc. acetic acid, 5 N. 


Readings are in terms of permanent standard. 


rime = Cubic eidianiess ot tation Gian solution. ‘ 
minutes 25 5 I. 25- 50. i. 5. 50. Uc 25. 50. 
2 4 26 fe) 4 6 5 28 3A 5 28 29 
s. 25 40 fe) 6 5 5 32 55 5 33 56 
LOW nciceaess 5 25 65 I & 54 5 34 8o 5 35 80 
a 5 36: Fo I Id. 2 &: 35 “So 5 35 so 
Bc cwnees 5 34 80 3% I5 32 5S 35 <0 5 35 80 
24 irs. 6 37 83 6 37 78 6 37 85 6 38 83 


EXPERIMENT IV.—COMPARISON OF THE SPEEDS OF REACTION WITH DIF- 
FERENT VOLUMES OF ILOSVAY’S REAGENTS, D AND E, WITH: 
\. 1 ec, of each reagent to Ioo cc. of sample. 
B. 2 cc. of each reagent to 100 cc. of sample. 
C. 8 cc. of each reagent to 100 cc. of sample. 


Readings are in terms of permanent standard. 





Time A. B ¢c. 
minutes Ee 10. 25. 50. Es 10. 25. 50. I 0) 50. 
oO oO I 2 2 7 10 6 13 30 60 
I 2 3 5 2 5 33 23 7 iS 33 75 
2 4 G 12 4 9 26 35 7 16 35 80 
[5.. 4 5 8 (2g G13. 50) 50 7 20 35 
BO ciavucss ? TS. 27° 336 S$ 20 3 70 8 22 36 80 
16‘hts:.... Is 3h 47.94 iS 31 47 37 - 22 48 go 


All of the above experiments were made with a standard solu- 
tion of sodium nitrite. To ascertain if similar data would be 
obtained with calcium salts, the following experiment, using a 
standard solution of calcium nitrite (1 cc.=0.0000001 gram of 
nitrogen), was made, 


As described by Leffmann, ‘Examination of Water.” 
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EXPERIMENT V.--COMPARISON OF THE GRIESS-WARRINGTON (WITHOUT 
ADDITIONAL ACID) AND ILOSVAY METHODS, USING 
STANDARD CALCIUM NITRITE SOLUTION. 


Readings are in terms of permanent standard. 


Griess method. Ilosvay method. 
Time Cubic centimeters of standard calcium nitrate 
minutes, tie 5. 10. 20. I. 5. Io. 20. 
Re cineacesseds 2 7 2 22 4 I 36 -30 
eovscsesbens S 2% 4g 24 4 i i 32 
fo Seer 2 2 46 30 4 12 37 34 
Be. cicasceusvane 2 92 U6 93 4 2 17 34 


Blank tubes with distilled water and the reagents showed 
varying amounts of nitrite, equivalent to from o to 6 cc. of the 
standard solution, dependent, to a large degree upon the period of 
exposure to the air of the laboratory. 

CONCLUSIONS. 

The following conclusions may be drawn from these experiments: 

(1) An excess of hydrochloric acid interferes with the delicacy 
of the reaction. 

(2) An excess of acetic acid does not interfere with the delicacy 
of the reaction. 

(3) The speed of reaction varies with the amount of hydrochlo- 
ric acid added. 

(4) These phenomena hold true with both calcium and sodium 
nitrite, probably with all nitrites of the alkalies and alkaline 
earths. 

(5) The speed of reaction is affected in some degree by the ex- 
cess of reagents. 

(6) The method as modified by Ilosvay is more rapid than the 
original Griess-Warrington method. 

(7) There are no apparent differences in the quality of the color 

(the tint) produced by the various modifications of the method. 
, ‘In view of the above it may be asked why many workers have 
believed that the Ilosvay modification was inadvisable,—in fact, 
the writer apparently duplicated many of the above experiments 
with contrary results. The reason for this discrepancy is that 
mixing was practiced in one case, not in the other. If the sam- 
ples are mixed, the heavy acetic acid (Ilosvay) solutions are dil- 
fused through the sample; if not, they sink to the bottom and thie 
reaction is delayed. This difficulty is not so noticeable with the 
aqueous solutions, often used without mixing, the hydrochloric 
acid being added subsequently. 
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In water analysis the Ilosvay modification would not be pre- 
ferred above the Griess-Warrington without addition of extra 
acid, were it not for the variation in the alkalinities of natural 
waters, making the use of small additions of hydrochloric acid 
inaccurate. Enough acid should be added to nullify the error 
due to the varying alkalinity; otherwise, waters of high alkalinity 
would react quicker than those of low, due to differences in acidity 
at the time of the development of the color. If enough hydro- 
chloric acid were added to accomplish this end, the reaction would 
be retarded. Acetic acid, however, may be added with impunity. 

The addition to a decolorized sample of water of 5 cc. of each 
of Ilosvay’s reagents, followed by mixing the samples, produces 
a color which, after ten minutes’ standing, may be compared with 
standard solutions similarly treated. 

The only improvement in the method which the writer can 
suggest is that the reagents be made more concentrated than 
Ilosvay suggested, because the use of 5 cc. of each reagent in- 
creases the volume of the samples to an inconvenient degree. 
The writer would recommend, therefore, that the sulphanilic acid 
solution be made by dissolving 8 grams of the salt in a liter of 
dilute acetic acid, and that the a-naphthylamine solution also 
contain 8 grams of the salt in 1 liter. To effect the solution of 
the naphthylaniine dissolve it as completely as possible in the 
acetic acid, warming, if necessary. After a few hours filter the 
solution through absorbent cotton. Two cc. of each of these reagents 
will be found to be sufficient. 

The writer is indebted to his assistant, Mr. R. K. Hale, for 
inaking many of the readings. ; 


'{ BEACON STREET, BOSTON, 


A NEW FILTER. 
3Y PORTER W. SHIMER, 
Received December 24, 1904. 

THERE are a number of sources of inaccuracy in the methods 
of filtration commonly used in quantitative chemical analysis 
that we seem to have become accustomed to, for, if we think of 
them at all, we are inclined to accept them as unavoidable. For 
example, we are rarely able to get filter-paper that can be relied 
on, under all circumstances, to retain every trace of finely divided 
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precipitates,” such as barium sulphate. With the common filter 
and funnel this precipitate is liable either to pass, in appreciable 
amount, through the body of the paper or to mount over its top 
and pass down the channel made by the fold. 

The use of double filters lessens this trouble, but does not al- 
together remove it. The double filter, moreover, is more difli- 
cult to wash and, when iron must be removed from the paper 
by the use of hydrochloric acid, as in the determination of sul- 
phur in iron, the loss of barium sulphate by solution may become 
quite appreciable. The extra reducing action of double filters 
in the ignition of certain precipitates should also not be overlooked. 

As another example, let us consider the matter of washing a 
precipitate on a 3-or 4-inch filter in a glass funnel. If the pre- 
cipitate is small, it will take longer to wash the solution out of 
the paper than out of the precipitate, which is not altogether as 
it should be. As a concrete example let us take a small phospho- 
molybdate precipitate from a pig iron guaranteed not to go over 
0.03 per cent. phosphorus. When this phosphorus is to be de- 
termined volumetrically, the washing out of every trace of the 
molybdate solution is a matter that requires skilful and conscien- 
tious manipulation, for, as Dr. Dudley has shown, an inexpert 
analyst may easily leave enough molybdate solution in the paper 
to cause an error of 0.005 per cent. 

Again, in order that washing may be thorough, the paper must 
fit perfectly into the funnel, that is, it must be in contact with 
the sides of the funnel at every point, without bubble or wrinkle 
anywhere. For this purpose the funnel must have an angle of 
exactly 60°, and we all know how hard it is to get funnels that 
are quite satisfactory in this respect. 

With a view to getting a filter free from these defects, I have 
devised one which has been in successful use in my laboratory 
for nearly a year. One form of the apparatus consists of a glass 
tube, cut off square at both ends, two inches long and one inch 
in internal diameter. The edges should be left sharp and not 
rounded in the flame. In the bottom of the tube is a rubber 
stopper, fitted with a glass tube for attachment to the suction 
flask. On the stopper, when inserted into the tube, is a disk of 
piano-felt, *),,-inch thick, fitting closely into the tube. This 
piano-felt may be variously replaced, as will be mentioned further 
on. The filter-tube is now ready for the filter. Take unwashed 
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Swedish filter-paper in any convenient amount, crush it into a 
ball in the hand and place it in a large ceresine hydrofluoricacid 
bottle from which the upper part has been cut. Add hydro- 
chloric acid (sp. gr. 1.12 to 1.18) and a little hydrofluoric acid and stir 
vigorously with a paraffin-coated wooden stirrer until the paper 





has become a mass of fine, soft pulp. Let it stand for a few min- 
utes and then add distilled water. In preparing a filter, pour 
some of this pulp into a beaker, dilute further with distilled water 
and pour enough on the felt, under suction, to make a filter of 
the desired thickness. Wash two or three times with water and 
the filter is ready for filtration of gelatinous precipitates as in 
silicon determination, and for the smaller precipitates of iron 
and alumina. For large precipitates of iron and alumina a large 
filter surface is desirable and the old method of filtration is pre- 
ferred. tae | 

In forming the filter for barium sulphate and crystalline pre- 
cipitates generally, after depositing the pulp to the depth of 
about } inch, it must be well compacted by hard stamping. For 
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this purpose it is convenient to use a solid rubber stopper, the 
larger end of which is only a little smaller than the inner diam- 
eter of the tube. A hole is made in the smaller end, but not deep 
enough to pass quite through, for the insertion of a short piece 
of glass rod as a handle. 

Barium sulphate may be filtered and washed rapidly, under 
suction, on this filter without fear of a trace getting into the fil- 
trate. When filtration and washing are completed, turn off the 
suction and remove the filter-tube from the stopper. Take the 
stamper and push the felt and filter up until the filter projects 
beyond the tube, when it can be readily removed from the felt 
by the use of curved, brass forceps; or, if preferred, the upper 
end of the tube may be inserted into the weighed crucible and 
the felt and filter may be pushed at once into it, when the felt 
can be readily removed and the precipitate and filter ignited. 
Any precipitate adhering to the sides of the tube is taken along 
by the outgoing filter. Occasionally a tube is found which is 
not quite uniform in diameter and a little of the precipitate re- 
mains in places on the sides. Such a tube is, of course, thrown 
aside. When precipitates are not to be ignited immediately they 
may be conveniently preserved, each on a small glass square, 
ground on one side for convenience in labeling, or they mav be 
laid aside on small pieces of filter-paper, properly labeled. 

The weight of these filters varies, of course, with their thick- 
ness, but it is in all cases less than the weight of an ordinary filter. 
The ash is quite negligible, for it takes the ash from six filters to 
make o.1 mg., which is only one-third of the ash of the best double- 
washed 11 cm. paper. Filtration is rapid, as are also the opera- 
tions of charring and incineration, with, consequently, minimum 
risk of reducing action in the crucible. 

One of the greatest advantages is in the washing of precipitates. 
By reason of the direct downward movement of the wash-water 
it is possible to wash thoroughly with much less water than in 
the usual method of filtration, thus reducing both loss by solu- 
bility of precipitates and the dangers of incomplete washing. 
In dissolving the yellow phosphomolybdate precipitate, this may 
be done either by dissolving under suction into a small Erlen- 
meyer flask, or, if greatest speed is not necessary, the filter may 
be removed and placed, with the precipitate upwards, in an or- 
dinary funnel. By pressing down the edges of the filter into 
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contact with the sides of the funnel by means of a glass rod the 
solution in ammonia may be made and the filtrate allowed to run 


into a beaker. 
A few results, comparing old and new filters, follow: 


Old. New. 

SiiGOit tH PIG IONE eos 52 scecsac ca cceccantacesescsceuse 2.720 2.717 

Sulphurin coal—Sample Ay... <<... <2 ceccenseeses 1.740 1.736 

ft pacer es Be nic-sanexeresassesacauaad 1.81% 1.810 
Duplicate sulphurs in pig iron, both new filters.......... 0.066 0.066 


It is essential to keep the filters and flasks which are used in 
sulphur determinations for this purpose only, otherwise there is 
risk of contaminating them with sulphuric acid or soluble sul- 
phates. The filtering apparatus may be conveniently arranged 
in any desired number along a piece of gas-pipe, coated inside 
with an acid-proof coating, and attached to the suction. The 
filters are united with this pipe at short intervals and each tube 
leading to a filter is provided with a valve so that any number 
may be put on or off at pleasure. The receptacle for the filtrate 
may be a gas-bottle or an Erlenmeyer flask and the transference 
to a beaker is easily made. 

For filtering the carbon from steel or pig iron this form of filter 
is very satisfactory. The tube is $ inch in diameter, a plug of 
glass wool is used in place of the felt and finely divided ignited 
asbestos is deposited upon it. A properly prepared filter need 
not be thicker than 3} inch. After filtration and washing, the 
tube is disconnected and the filter is pushed out of the upper end 
of the tube. The carbon, with asbestos filter, is readily lifted 
off the glass wool by use of curved forceps and placed, for dry- 
ing, in a properly labeled scorifier previously heated on the edge 
of a hot plate, not above roo°C. The scorifier is jarred smartly 
against the table so as to bring the wet filter in close contact with 
its absorbent surface. The drying, in an air-bath, or on the 
cooler part of the hot plate, is rapid. The removal of the carbon 
from the tube is complete, but the end of the tube must be cut 
off square and must be neither flared nor drawn in. The car- 
bon, thus filtered, is in an exceptionally convenient form for 
transference to the crucible for combustion. 

When, in ordinary analytical work, it is desired to use stronger 
acids or other solvents which might act upon the piano-felt or 
rubber stopper, a filter-tube 1 inch in internal diameter, drawn out 
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at the lower end, is used. Through the stem of the tube and pro- 
jecting beyond it far enough to let the filter be pushed out of the 
tube, is a glass rod to the upper end of which is fastened a per- 
forated disk, or filter-plate, either of glass, porcelain or platinum, 

Another useful form of the apparatus consists of the filter- 
‘tube, with the glass rod, to the upper end of which are fused two 
short pieces of glass rod previously fused together at right angles. 
For the rapid filtration of such gelatinous precipitates as those 
from silicon in pig iron an extra open material on which to de- 
posit the felt is desirable. For this purpose upholsterer’s horse 
hair may be sewed to the upper end of the rod, preferably with 
horse hair; a horse-hair felt manufactured into insoles for shoes 
makes a very good base for the deposition of the filter. For 
precipitates which cause slow filtration, the felt is never stamped 
down. For filtering carbons the same arrangement is very use- 
ful, the horse hair being, however, replaced by a mass of glass 
wool, which need not be fastened to the rod. 

Absorbent cotton may be used as a base on which to deposit 
the felt, but piano-felt is more open and is more resistant to 
the action of acids. In the determination of silicon in pig iron 
by the Drown method absorbent cotton may, in certain cases, be 
used in place of the paper felt. 

In filtering barium sulphate it is necessary to compact the felt 
upon a firm support, as in the arrangement first described, in 
order to make the filter absolutely tight. The horse-hair base 
is too springy for this purpose. 

Since, in the system of filtration described, a filter-pump 
is necessary, it may be of interest to mention that, in the writer’s 
laboratory, where the hydrant pressure is not satisfactory for 
use in creating vacuum, a Gould air-pressure or vacuum-pump, 
with hand-power, is used. The pump is attached to two large 
cylinders, one for compressed air, the other for vacuum. For 
blast the apparatus is very much better than foot-blowers, for 
only occasional attention is required and the blast is steady and 
of any strength desired. For suction also, only occasional atten- 
tion is necessary, and the degree of vacuum may be regulated at 
will. 

LABORATORY OF PORTER W. SHIMER, 
EASTON, Pa, 











NOTES. 

Apparatus for Extraction.—This modification of the Soxhlet 
extracting apparatus has been employed with gratifying results 
in the removal of the bitumen in asphalts and asphaltic mixtures. 
The salient feature is the recovery of the fine clay, which the best 
quantitative filter-paper, or prepared thimbles will not retain 
(its weight being deducted from the loss in weight in the material 
extracted). 

The device as shown in the drawings consists of a 100 cc. 
Nessler jar 7, cut down to the dimensions indicated, with an 
indentation at the base; the pyramid supporting a smaller glass 
cylinder G, with an opening at the side for the exit of the 
vaporized solvent. Upon this rests the receptacle D, a small 
perforated porcelain thimble, which contains the sample; above 
is a cone C of filter-paper, held in position by a piece of wire 
B to prevent contamination. Condensation is affected by 
means of a glass condenser A, 12 inches long, connected with 
the jar J by a wooden stopper. The whole is supported by a 
clamp attached to the condenser. 

Heat is applied from a tin can H, containing a layer of sand 
M on the bottom, which is heated on a stove plate; the inten- 
sity is regulated by the asbestos cover E. 

Before making the determination, a piece of the best quantita- 
tive filter-paper is molded and cut to fit the thimble, washed 
with carbon bisulphide, placed in a weighing-bottle, dried in a 
steam-bath, heated for half an hour in an oven at 110° C., cooled 
ina desiccator and weighed. In this, 5 to 6 grams of the sample to 
be analyzed is introduced. The thimble with its contents is 
then removed and placed in position, about 20 cc. of carbon 
bisulphide having previously been added to the inner jar G. 
Distillation is begun, and the extraction continued until the 
filtrate is colorless. The filter is allowed to drain thoroughly, 
after which heat is again applied; this is twice repeated to insure 
complete removal of all soluble material. The filter, with its 
contents, is then transferred to the weighing-bottle, treated as 
before and weighed. The bitumen and contaminating material 
in the inner compartment are removed to a weighed porcelain 
crucible or platinum dish, by means of carbon bisulphide from a 
small wash-bottle, the solvent evaporated off on a water-bath, 





294 NOTES. 



















A -Glass Condenser 

B- Copper Wire Support for Filter Faper. 

C- Cone of Filter Paper 

O- Porce/air Thimble 

£- Cover for Can 

F- Opening in nner Tubs 

G-/aner Tube 

-Con 

4-Outer Tube 

A -ladentatien in bettom of Outer Tube 
%o Support laner Tibe 

- Sand. 





























| } 
Jahon kcrsigesy —M 
meee a 


al 





Fae 




















d 














NOTES. 295 


and the residue ignited to burn off the bitumen. The residue, 
with the dish, is weighed after cooling in a desiccator, and the 
amount found is added to the weight of the weighing-bottle, 
thimble and its contents (after extraction). 

G. E. THomas AnD C. M. Ducan, Jr. 


City HALL, PHILADELPHIA. 


Strontium Malate.—There seems to be no agreement as to the 
composition of strontium malate. Hagen' states that it contains 
one and a half molecules of water of crystallization and crystal- 
lizes in warts. Castoro? obtains the salt in needles with four 
molecules of water of crystallization. Traube* reports that the 
salt crystallizes in rhombic hemihedral crystals, containing six 
molecules of water of crystallization. Castoro did not observe 
at any time the formation of the wart-like crystals. He offers 
no explanation of the differences and concludes simply that the 
salt exists with different contents of crystal water. In our in- 
vestigation we have obtained three sorts of crystals: first, warts 
which separated from a solution while being concentrated in an 
open dish on the steam-bath; second, rhombic plates, which 
deposited from a solution concentrated in vacuo at the ordinary 
temperature; third, compact crystals, belonging to the regular 
system, which separated while boiling down the filtrate from the 
second kind of crystals. The first and second sorts of crystals 
contain four molecules of water of crystallization, while the third 
sort contains one molecule. It appears to be a question of tem- 
perature, as we had anticipated. The solubilities of strontium 
malate at 13.5° and 100° were also determined. 

Malic Actd.—We did some work with malic acid which we ob- 
tained from the maple sugar residues called ‘‘nitre’’ by the farmers 
of Vermont. The amount of malic acid which this will yield 
varies with the source. A lot with which one of us worked in 
the Harvard Chemical Laboratory yielded 8.6 per cent. of pure 
malic acid. A lot which we obtained from the vicinity of St. 
Johnsbury, Vt., gave less than 5 percent. The Vermont Experi- 
ment Station has found a wide range in the yield. Castoro em- 
ployed malic acid from rhubarb. The results given below were 


1 Ann. Chem. (Liebig), 38, 257. 
* Landw. Vers. Stat., §6, 426. 
' Z. Kr., 3s 160. 
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obtained with some chemically pure malic acid purchased in the 
market. 

Strontium Malate, Sr(C,H;0;)..4H,O. Wart-hke Crystals — 
Ten grams of malic acid were dissolved in half a liter of water 
and to the hot solution 25 grams of strontium hydroxide dissolved 
in half a liter of water were added. The excess of strontium 
hydroxide was precipitated by carbon dioxide and filtered off, 
On boiling down the filtrate some strontium carbonate separated 
and was filtered off. On further concentration wart-like crystals 
began to appear and on standing over night a large deposit was 
obtained. These crystals were recrystallized and then again dis- 
solved in 800 cc. of hot water, and concentrated on the steam- 
bath with mechanical stirring until a good deposit of the wart- 
like crystals was obtained. They were filtered off by suction 
on a steam funnel, immediately removed and dried with filter- 
paper. After being brought to constant weight in the air, they 
were heated by gradual steps to 190°. A slight browning was 
noted if the temperature approached 200°. The analysis gave 
24.52 and 24.55 per cent. H,O; calculated for SrC,H,O,.4H,0, 
24.72 per cent. 

Strontium Malate, SrC,H,O;.4H,O. Rhombic Plates.—A_ so- 
lution of the salt, from which no crystals separated at 15°, was 
concentrated in a vacuum desiccator in a cool place. A crop of 
very light weight crystals consisting of rhombic plates was ob- 
tained. The water of crystallization was completely lost at 190°. 
The analysis gave 24.83 and 24.81 per cent. H,O; calculated, 
24.72 per cent. 

The anhydrous salt gave 39.94 per cent. Sr; calculated, 39.89 
per cent. 

Strontium Malate, SrC,H,0;.H,O0.—This salt was obtained 
by working at a higher temperature than that of an exposed 
solution on a steam-bath. The filtrate from the crystals obtained 
by concentration in vacuo was boiled down over a free flame in 
a lipped beaker covered with a watch-crystal. Small, compact 
and brilliant crystals, belonging to the regular system, separated 
out and adhered strongly to the walls of the beaker. After 
drying to constant weight in the air, they were heated in an 
air-bath to 125°, when a slight browning took place, although 
the crystals did not lose their brilliancy. No appreciable loss in 
weight had occurred at this temperature and further heating was 
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discontinued on account of the browning. Determination of 
strontium gave 37.16 and 37.16 per cent. Sr; calculated, 36.87 
per cent. 

Solubility Determinations.—In determining the solubility at 
100° the method of Pawlewski! was employed. The same method 
of transferring was used in the determination at 13.5°. 

For the determination in cold water the solution from which 
the rhombic plates were obtained was used before the crystals 


were removed. The determination was made at 13.5°. 


be 135 
Weisht of solntion ys <x. 22. <ccsceaccocassscasccsssareas 9.2682 9.3738 
Weeds Ob Greig -ooa..sscncostcsne sectc dees oxsicatisass 0.0277 0.0280 
Strontium malate in solution...........6-...0.0008 0.0331 0.0334 
PAGES: POE TUMGECC rac ccaccerscaenecaedaess=-nesteccaces 0.357 0.357 


For the determination at 100° the mother-liquor from which 
the cubical crystals separated was used. As the temperature 
of this solution was above 100°, more crystals separated out in 
the determination. The following results were obtained: 


E IE 
Weight Of SOME IOI. <<<0scscsccsasceseensncessinasees 7.157 7.5326 
WIRE OF SUS e occ. eccccasececoccsceneascuocdsesees 0.0717 0.0720 
. Strontium malate in solution.............::...see 0.0857 0.0860 
Parts: per Innere <<. <5. cs: sos s5<cessceconensarcanens 1.19 1.14 


A. S. WHEELER AND W. McK. MarriotTr. 


CHAPEL HILL, N. C. 

Magnesium Amalgam as a Reducing Agent.—In an article pub- 
lished in the September number of this Journal entitled ‘‘Mag- 
nesitm Amalgam as a Reducing Agent,’’ by Evans and Fetch, 
the statement was made: ‘‘While magnesium amalgam has been 
known for some time, having been prepared by Wanklyn and 
Chapman in 1866, its use as a reducing agent in organic chemistry 
has hitherto been neglected.’’ This statement was true when the 
article in question was read before the Cincinnati Section of the 
American Chemical Society in October, 1901, but was not true 
when the article was published. 

L. Meunier published an article on the use of magnesium amal- 
gam as a reducing agent, entitled ‘‘Some Reactions Obtained by 
the Aid of Magnesium Amalgam,’’ Comptes Rendus de 1’ Académie 
des Sciences de Paris, 134, 24 (February, 1902), and another, 
“The Use of Magnesium Amalgam in Organic Chemistry,’ Comptes 
Rendus de Académie des Sciences de Paris, 137, 714 (November, 

1 Ber. d. chem. Ges., 32, 1040. 
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1903). The writer desires to correct the statement referred to, 
but does not relinquish his claim to priority, since a notice of 
Evans and Fetch’s paper appeared in the Proceedings of the 
American Chemical Society for 1901. Tuomas Evans. 


UNIVERSITY OF CINCINNATI, 
December 21, 1904. 

















A New Wash Bottle-—The bottle described in this article was 
devised to replace the unsatisfactory rubber Bunsen valve by 
one of glass. The valve is made as follows: A piece of glass 
tubing 15 cm. long and from 4 to 5 mm. bore, is slightly con- 
tracted about 3 cm. from one end by heating in a small blast- 
lamp flame and drawing out a trifle. The valve is made of a 
piece of thin-walled tubing that fits loosely into the larger tube, 
leaving about 0.5 mm. free space all around. One end is closed 
and rounded as much as possible by rotating the end in a small 
flame. It should not taper too much, as there is then a tendency 
for it to wedge when in use. 

a 
Fig. 1. 

The closed end is then made to fit the contracted part of the 
large tube by grinding with emery and water, taking care to 
rotate in one direction. From time to time the tubes are washed 
and the joint tested by sucking strongly into the longer end 
while it is still wet. 

The closed end of the inner tube is then pushed into a cork 
just far enough to be held securely, and it is fused off as close to 
the cork as possible, using the smallest flame of the lamp. It is 
kept soft until the expanding air inside rounds it off. The 
finished valve should be about 1 cm. long. It is then slipped 
loosely into place in the outer tube and sealed in. This is the 
most difficult part of the whole operation, for the scratches make 
the ground tube very liable to crack. It is best to commence 


cS 
ct eee 
Fig. 2. 
heating at the end, and, when that is red-hot, to gradually heat 


along towards the valve. It is drawn out close to the valve by 
attaching a bit of glass rod as a handle, leaving about 3 mm. play. 
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It must taper abruptly and not be too symmetrical, for otherwise 
jt will be difficult to blow with sufficient force into the bottle. 
Break off the drawn-out portion, leaving an opening 1.5 to 2 mm. 
wide, and round the edges in the flame. Bend the tube above 
the valve to the proper curve, and it is ready for use. 

The wash-bottle is set up exactly as when a Bunsen valve is 
used. It differs from an ordinary wash-bottle only in the addition 
of a third, short tube bent so that it can be closed easily by the 
thumb. C. E. WATERS. 


BUREAU OF STANDARDS, 
WASHINGTON, D. C. 


Note on a Simple Apparatus for the Preservation of Standard 
Sodium Sulphide and Other Readily Oxidizable Solutions.—The 
following results were obtained before and after the installation 
of a yellow phosphorus and water scrubber, as described briefly 
below: 








ZnO equivalent per cc. Before. 
0.0131 Wednesday P.M. Bottle about half emptied but 
0.0123 Thursday a.M. stopped up when not in 
0.0118 Thursday P.M. use. 
After. 
0.01953 Thursday P.M. Using one 800-cc. scrubber and 
0.01957 Friday A.M. * the same solution of so- 
0.01960 Saturday A.M. dium sulphide. 
0.01970 following Saturday. 
0.01830 four weeks later (bottle Apparatus. 
two-thirds emptied). A—Loose glass cap for the 
burette. 
B—Two-way stop-cock bu- 
rette. 


C—Container for the standard 
solution. The bottle is 
painted black. 

D—D?’ scrubbers. 





E—Stop-cock. 
Very little phosphorus is con- 
B sumed. 


HANS MANNHARDT. 








HEATH & MILLIGAN MFG. Co., 
CHIcaGo, LLL. 
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It Is a natural and a justifiable belief that with the progress of 
time we learn to do better the things that a while since were new 
and strange—this both singly as individuals and collectively as 
nations. When the great advances our country has made in the 
domain of chemistry within the past twenty years are contrasted 
with the conditions obtaining before that time, particularly as 
regards facilities for acquiring a sound chemical education, it 
seems quite reasonable that we should feel that analytical chem- 
istry has kept pace with the general advance, and that our chem- 
ists are now not only more numerous by far, but also, taking them 
collectively, more capable analysts than their predecessors, 
But it were unsafe to accept such a belief as fact without some 
stronger evidence in its support than the existence of a general 
law of progress. 

It is difficult, if not impossible, to make comparisons that will 
admit of deciding favorably or adversely the point just raised. 
But happenings of the past two or three years have thrown a 
flood of light upon the present condition of analytical chemistry 
in some lines of technical work, and the illumination comes as a 
distinct shock to the recipient, who may justly ask: If the condi- 
tions are so in these branches, is there any reason to suppose 
them better in others? 

When evidence is forced upon our attention, giving rise to 
doubt and uneasiness, it behooves us to examine the evidence 
with care and, if found convincing, especially if reinforced from 
varied sources, to face the problem boldly with a determination 
to ascertain the causes of failure and the proper remedies to be 
applied. 

The evidence to which I have referred, it is needless to re- 
capitulate at this time. Much of it has been presented in 
the reports of a committee of the New York Section of the So- 
ciety of Chemical Industry bearing on the analysis of cements 
and copper slags. Additional testimony appears in the report, 
published in the Journal of our Society for December, 1904, of 
the Committee on Uniformity in Technical Analysis, of which 
I am chairman. Much might be added to that which has ap- 
peared in print. The volume of evidence is large and its char- 
acter of such a kind as to force one to the unwilling belief that 
the frequent charges of bad work are fully substantiated. The 


1 Read at the Philadelphia Meeting of the American Chemical Society. 
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causes for this condition are, however, but imperfectly under- 
stood, and until ascertained the corrective treatment cannot be 
outlined with any degree of precision. 

It is nothing new for chemists to differ in their analyses of the 
same material, and they will never cease to differ by reason of 
human fallibility and the limitations of all analytical methods with- 
out exception, but unless two chemists are able to assay or analyze 
the same sample with results acceptable as a basis for buying 
and selling, the analysts suffer in the estimation of those inter- 
ested in the transaction. If similar want of accord is of frequent 
occurrence, the burden of blame may be shifted and the art of 
analysis, even the science of chemistry itself, fall into disrepute 
among the unthinking. In any case the matter is one of grave 
concern in many ways, and merits the serious consideration of 
chemists as a body. 

Many causes for such inability to arrive at concordant results 
have been set forth and discussed often by others, both here and 
abroad, notably by Messrs. Dudley and Pease, and Baron Jiipt- 
ner von Johnstorff, with special reference to the iron and steel 
industry. The unsatisfactory conditions in iron and steel lab- 
oratories were not new then, for those interested had long been 
confronted by the most annoving and disturbing lack of agree- 
ment in the returns by different chemists. The same was doubt- 
less true in other lines of work, though, because of the lesser mag- 
nitude of the industries involved, the notoriousness was less. 
What efforts were made through an international committee to 
correct the state of affairs as regarded iron and steel chemistry is 
matter of history, and need not be here entered upon. Neither 
will the long and still continuing work of the agricultural and food 
chemists at home and abroad to better their own condition by a 
close comparative study of methods and the selection of stand- 
ards be more than alluded to, nor is it my object, on the basis of 
their results, to advocate the adoption and general use in tech- 
nical lines of standard or uniform methods of analysis. My 
main object is to force upon the attention of chemists the serious- 
ness of the present situation, a situation which is little creditable 
to our profession. 

We may analyze the causes for the variations shown in the 
analyses of the same, or supposedly the same, samples, and, neg- 
lecting the inevitable personal factor, find that in certain cases 
the sampling was incorrect, in others that the water was bad, the 
reagents faulty, their effect on the glassware used greater than 
had been suspected, or that of several methods for reaching the 
same end one or more are of doubtful value unless used with that 
knowledge which can only come of long practice, sharpened by 
discriminating judgment. But in the ultimate analysis these 
distinct causes nearly all lead back to one stem root—some defect 
in the early education of the chemist—for which the institutions 
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that are yearly sending forth young chemists supposedly fitted 
to do good work in their chosen lines, are responsible. 

It will, of course, be asked: In what respect have their instruc- 
tors failed toward these young men? A definite and compre. 
hensive answer to this demand it is out of my power to give. [ 
am pretty fully convinced, however, that the teaching of incorrect 
methods is neither wholly nor in large part toblame. The faults, 
if faults there be, are rather those of omission than of commis- 
sion. Let me suggest a few possibilities and leave each one con- 
cerned to be his own judge of their fitness. In so doing I dis- 
claim all thought of reflecting upon any particular individuals 
or educational institutions. Some may be, and doubtless are, 
less at fault than others, and the results are perhaps in most 
cases not due to ignorance or indifference so much as to causes 
quite beyond their control. The condition is none the less ex- 
istent and demands earnest attention. I speak, of course, not 
as an educator and, therefore, not as one qualified to dictate in 
the matter of ways and means. But, I repeat, a certain condi- 
tion confronts us, and this condition needs a remedy. Where 
there is a determined will backed by a united sentiment, most 
obstacles can be overcome with time. It is this determined will 
and sentiment that I would help to arouse to action, not only 
among those of you who are teachers, but among all others as 
well, for the former will be strengthened in their efforts, if they 
have behind them the good will of the great body of chemists. 

In what I shall say I may seem to take issue in one or two 
matters with the views recently expressed by a distinguished for- 
eign teacher and investigator, but the difference, I surmise, is 
more on the surface than fundamental. 

Many inquiries addressed to the participants in one series of 
analyses elicited the information that few knew anything definite 
about the quality of the water they were using, though examina- 
tion showed it to be bad in a few instances and on the border 
line in others. Still less was known as to the quality of the re- 
agents, except that they came from reputable firms. One ad- 
mitted that a flaky sediment showed in his ammonia bottle, but 
he used only the clear liquid above. If the sediment represented 
silica from the bottle, as may well have been, what had become 
of the other constituents of the attacked glass unless they were 
in solution? 

Now why were these things possible unless because it had never 
been sufficiently impressed upon them in their student days that 
without proper tools to work with, among which water and reagents 
are first to be considered, good work is impossible? You doubt- 
less do not fail rightly to tell them that absolute accuracy is un- 
attainable in analysis, but do you make it plain that approxima- 
tion is possible and that it will be the closer the greater the care 
bestowed upon the tools and at every step of the analysis itself? 
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Is a student ever required to find out by actual test how good his 
water is and both the kind and amount of its contamination, if 
such there be? Is it customary to instruct him in the testing of 
his reagents and as to the character of the contaminations to be 
looked for in all of the more important ones, or is he allowed to 
go forth with the impression that the label C. P., while not a flaw- 
less title, is a sufficient guarantee for all the demands of technical 
analysis? Is he, infact, ever cautioned to find out, by actual test, 
the errors with which his work may be affected, due to imperfections 
in his tools of the kind just mentioned? And that without such 
knowledge and the ability to make correction for the defects, or 
the courage to fight for better materials with which to do, he 
will occupy a false position with respect to himself, his employ- 
ers and the community at large? 

My experience of the past few years has convinced me that in 
these respects, at least, much is neglected that should not be 
neglected in the curricula of our colleges. It seems to me that 
if instruction in such fundamental essentials is not thoroughly 
drilled into the budding chemist, so that it becomes for him as 
much a matter of course afterwards to look to the quality of his 
tools as it is to weigh out his sample before analyzing it, he has 
received a scant equivalent for his years of study, and that he 
has good grounds of complaint against his alma mater if he 
comes to grief by reason of her neglect. 

Is the student’s work ever checked against material of which 
the exact composition is known? I do not refer here to such 
things as simple salts, but to more complex bodies like limestone, 
cement, zine ore or slag, in which many separations have to be 
made and all constituents should be determined. Is the student 
in such analyses religiously required to test the purity of his pre- 
cipitates and the completeness of his precipitations by a care- 
ful examination of the filtrates? And is he taught that a satisfac- 
tory summation does not imply correct separations? Or that 
closely agreeing duplicates are not proof of good work? 

Only by such exercises can the young worker gain any knowl- 
edge as to his own power to do good work, and acquire that proper 
confidence in himself which is so essential. 

Just here the committee which I represent may be, perhaps, 
of some assistance in preparing for distribution, either through 
its own agency or that of the Bureau of Standards when that 
institution shall be in position to lend permanent aid, large sam- 
ples of various materials of which the exact composition will be 
ascertained. These will then be supplied on demand to all who 
may wish to check their own, or their students’ or employes’ 
work. It is the earnest hope of the committee that the invita- 
tion which it contemplates issuing to collegiate instructors will 
be met in a cordially receptive spirit, namely, to analyze or cause 
to be analyzed, by their most advanced students, a limestone of 
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known composition which the committee will undertake to dis- 
tribute. In this way can be acquired in a short time valuable 
information as to their own abilities or the skill of the young 
men they are sending into the chemical arena. Incidentally, 
the merits of the methods they teach will be tested. : 

Another point brought out by the recent series of zinc-ore 
analyses is the failure of many to exercise discrimination in the 
choice of methods for different classes of ore, they being seem- 
ingly ignorant of the fact that a method of solution employed 
in one case may be ineffective in another, or that the presence 
of so-called interfering elements may forbid the use of a method 
otherwise unobjectionable. Some seem to have made no effort to 
ascertain if such interfering elements were present. The com- 
mittee on zinc-ore analysis, whose report is in small part pub- 
lished in this Journal, 26, 1648, voices ideas similar to the above in 
the following words: ‘‘Instead of teaching analytical chemistry most 
of the schools teach what one instructor has well called ‘cook- 
book methods,’ that is, schemes of analysis which give the student 
no ideas of the principles of analytical methods, but make him 
think that the analysis of one kind of ore is something essentially 
different from the analysis of any other. One-fifth of all the 
analysts represented show the effects of this kind of teaching and 
either use methods which contain no means of separating man- 
ganese and copper on ores that contain large amounts of these 
interfering elements or use methods that will not decompose the 
ores at the start.”’ 

From what I am told regarding the ratio of instructors to lab- 
oratory students, there is in many of our institutions woful lack 
of supervision of the work of each individual student. I have 
little patience with the principle which in effect puts a book on 
analysis before a beginner and tells him to find his own way through 
the various analyses, with such help as he may get from his fel- 
lows and an occasional hasty call from an assistant. Circum- 
stances, no doubt, often compel the following of this plan, but its 
adoption is, to my mind, little less than a crime against the learner. 
I believe it is held by some that the really good student will come 
successfully through this mill and the others fall by the way, but 
how much better off the good student would be, for more atten- 
tion at critical periods seems to be left out of consideration. Facts 
seem to speak against the success of this theory. There are 
hundreds of little tricks of manipulation which the student can- 
not learn for himself and which he should be taught by a con- 
scientious assistant, having little to do but devote his whole time 
to a limited number of workers. This brings me to the remark 
that no laboratory instructor should be required or allowed to 
do outside work, either for his superiors or himself, so as to en- 
croach in any way upon the time that should be given to those 
under his supervision. This would necessitate a very decided 
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increase in the corps of instructors, so as not to deprive them of 
opportunity for research work. Once the fundamentals have 
been mastered, the worker, correctly started, may well be left 
more to his own resources, but even then he should receive fre- 
quent visits for the purpose of guarding against relapse from 
right ways, for giving needed additional information, and answer- 
ing the proper queries that are pretty sure to occur to a good 
student. It is far better that the student should learn to do 
comparatively few things thoroughly, mastering the whys and 
wherefores of every step, than a great many superficially and 
without acquisition of the underlying principles. It is only the 
one thus thoroughly grounded who is in a position to use or de- 
vise short cuts without great danger. 

Doubtless many works chemists are compelled to labor under 
conditions which preclude the highest class of work. Dust en- 
velops them and makes cleanliness impossible and a high grade 
of water and reagents useless, or such is the haste called for in 
order that the results shall be of use to regulate the daily running 
of the furnace or mill, that the highest or even a high standard 
is unattainable. Let it be admitted that even these crude re- 
sults suffice to regulate and control the smelter charges, or the 
cement mixture and its finished product, yet no chemist who has 
to work under such disadvantages should permit himself to enter 
into analytical competition with those better situated in these 
respects without stating plainly the disadvantages to which he 
is subjected. Especially should he never undertake commercial 
analyses for pay, with which goes the implied understanding that 
the purchaser is to receive full value for his money. Moreover, 
even he who is so unfortunate as to be handicapped in the ways 
mentioned will be able to do better work than otherwise, if the 
foundations of his knowledge have been solidly laid. 

Often, no doubt, the ignorance or indifference of the owner of 
the works is responsible for the distressful conditions under which 
the chemist labors. The young chemist is naturally disinclined 
to risk his place by a too determined opposition to existing con- 
ditions or by insistent demands for their betterment. The situ- 
ation is unfortunate, and it is difficult to see how it is to be rem- 
edied except by the gradual growth of appreciation among em- 
ployers that chemistry is a handmaiden worthy of far better treat- 
ment than she now receives, that she needs careful housing and 
feeding in order that she may give good work at all times. Possi- 
bly employers may, to some extent, be aided in reaching this en- 
lightened state by the refusal of professors of chemistry to recom- 
mend students to accept positions where the conditions are known 
to be needlessly incompatible with satisfactory work. 

Another condition in which I hope to live to see the beginning 
of a radical change, is that of the quality of reagents accepted 
and used unhesitatingly for most kinds of work, not merely tech- 
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nical in character. How often have I heard it said: Oh! this is 
good enough for technical work! Possibly it is for one kind, but 
it is sure not to be for some other. This necessitates either a 
multiplicity of grades of certain reagents or the need for special 
purification by the chemist, or, a commonly accepted alternative, 
incorrect results. 

Let me emphasize this point by an illustration. The solubility 
of gold in nitrous acid has long been a disputed matter, yet an 
important one in assaying. Not long since a chemist sought to 
settle the question, and prepared nitrous acid from potassium 
nitrate. With this he effected solution of from 1 per cent. up to 
nearly 50 per cent. of the gold acted on, according to the tem- 
perature employed. No one seems ever before to have observed 
any such marked effect, and the experiments were repeated by 
Dr. E. T. Allen in the laboratory of the Geological Survey, care 
being taken to prepare the nitrous acid from a nitrate free from 
chloride. . The result was that, despite the utmost care, no posi- 
tive solvent effect on gold could be observed. The inference is 
that the nitrate employed by the author of the original state- 
ment contained chloride, which was almost certainly the case, if 
it was not an article of unusually high grade, such as is not likely 
to be found in an assay laboratory. To what extent, if at all, 
the author’s instructors may be indirectly responsible for the 
harm that has been done by the dissemination of such erroneous 
information, it is, of course, impossible to tell. The harm has 
been done, however, and undoubtedly by reason of the employ- 
ment of a low-grade reagent where one of exceptional quality was 
demanded. Unfortunately, the refutation which will shortly ap- 
pear cannot entirely undo the mischief already spread. 

Why cannot instructors come to a clear understanding that 
good work requires good tools and that this is quite as true in the 
rush of a works laboratory, unless conditions utterly debar clean- 
liness, as it is anywhere else? Why should they, unintentionally 
of course, lower in the minds of their young men the dignity of 
the work these latter have set out todo? Why not from now 
on, one and all, resolve to pursue a different course? By so do- 
ing you will render comparatively easy the task of the Committee 
on Purity of Reagents. Even as it is, one firm of chemical manu- 
facturers in this country has announced to me its entire readi- 
ness to do its best to furnish reagents of the quality the committee 
may eventually decide to call for, and, unofficially, I have been 
told that a large importing firm will provide the reagents when 
the committee’s specifications are known. It only needs con- 
certed and persistent refusal on the part of the heads of educa- 
tional laboratories to accept any but really good reagents to bring 
about before long a most radical change in the present situation 
regarding these most important tools of the chemist. 

It is doubtless a fact that the ever-widening field of chemical 
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application and the overwhelming multiplication of analytical 
methods make it more and more difficult to cover the whole field 
in any but a superficial manner in the time which it seems possi- 
ble to give to chemical study, and hence render extremely ob- 
scure the solution by our chemical educators of the problems pre- 
sented for their consideration. The difficulty is enhanced by 
the following condition: Chemists in charge of large industrial 
laboratories sometimes prefer young men not too well informed 
as to a variety of methods, but would have them come unfettered 
by preconceived notions and so ready to adopt, without objec- 
tion, the methods in vogue in the particular laboratory. While 
a knowledge of many methods may be rather deprecated by 
their chiefs, a thorough grounding in general chemistry and the 
theory of analysis is, however, greatly desired by them in their 
young assistants. 

On the other hand, the young man who is suddenly called upon 
to fill the sole chemical position in a mill or smelter, and upon 
whose work the successful running of the establishment may de- 
pend, would be sadly, if not hopelessly, handicapped were he 
equipped only on the theoretical side of his profession. How 
to avoid both horns of the dilemma and yet graduate our young 
chemists properly equipped and unimpaired in efficiency for their 
life tasks is a problem that is taxing and will long tax to the ut- 
most the best efforts of our foremost chemical educators. 

While I have thus endeavored to point out wherein our colleges 
may be more or less remiss, it is not fora moment to be asserted that 
they are altogether responsible for the present situation. There 
are other factors concerned, and among them is uncertainty as 
to the value or adaptability of many methods. Herein, the Na- 
tional Bureau of Standards, if its effective codperation can be 
secured by a moderate grant from Congress, may become of great 
value in the testing and comparison of methods by men of ex- 
perience, who are not so pressed for time as to be unable to check 
their results in manifold ways. The work of advanced students 
in the comparative investigation of methods is often excellent, 
though sometimes of more value as training to the student him- 
self than to the public at large, but the average value of work of 
this kind must be enhanced by having it done by men of ripe 
experience, whose whole time can be devoted to it. 

Let us then, for one thing, continue and extend the work be- 
gun over a decade since by the iron and steel chemists and now 
carried out by those engaged in the agricultural industries and 
in the examination of food products. It has been shown that 
the shoe pinches not only one or two toes, but several, and the 
remedy must be sought for and applied speedily before the injury 
becomes too great or incurable. We must not flinch at the pros- 
pect before us, but take up the task with stout hearts and a de- 
termination to get at the roots of the trouble that afflicts us, for 
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there is more than one root, as I have already intimated, and then 
to apply the appropriate remedies. 

It is most important that the educators of future generations 
of chemists ponder these matters and endeavor to devise ways 
for improvement, if not by concerted action, then by the efforts 
of single colleges. 


WASHINGTON, D. C. 


METHODS FOR THE COMPLETE ANALYSIS OF REFINED 
COPPER. 
By GEORGE IL. HEATH. 


Received December 29, 1904. 


In 1894 Dr. H. F. Kellar’ presented a paper on the analysis of 
copper as practised by him at that time, and similar condensed 
accounts on Montana methods appeared from the pen of Titus 
Ulke,? in 1899. In response to invitation, the writer will present 
the principal methods now employed in large technical labora- 
tories, giving preference to those which are personally believed 
to be most delicate and accurate, condensing the account by 
references wherever possible. 

Great accuracy, both in sampling and in chemical manipu- 
lation, is especially necessary in the case of copper on account 
of the precious metals it frequently contains, and on account of the 
marked effect which traces, even, of some impurities, have on its 
physical properties, and because of the liability of those impuri- 
ties to segregation on cooling from a fluid to a solid state. 

No technical chemist would now go through the tedious ex- 
traction of vast quantities of sulphide of copper as originally pro- 
posed by Fresenius. The present tendency is to take separate 
samples for the estimation of each group of foreign elements by 
some special method of isolation. Analytical results are usually 
carried out to 0.0001 per cent. 


SAMPLING. 


When copper is to be assayed for gold and silver, the material 
should be sampled direct from the molten furnace charges after 
thoroughly mixing and agitating the bath by the refining process. 

A thin square plate, 6x 6x4 inches, to represent the lot, is 
carefully poured from a full ladle. The size might be increased 
to 9x9 x# inches for very rich material. A set of five (1, 
inch) holes, drilled through the half-inch plate, will furnish an 
assay-ton (29 grams) sample for assay for silver and gold. The 
drillings from one hole of } inch diameter will give one sample 
for electrolytic copper assay. Duplicates are generally taken. 


1 J. Frank, lnst., July, 1894; this Journal, 16, 784 (1894). 
2 Eng. Min. J., 68, 727 (1899); ‘‘ Mineral Industry,” 1901, pp, 223 et seg. 
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The holes should be bored at a distance from the edges of at least 
three times the thickness of the plate. 

Edward Keller’s' admirable research fully explained the prin- 
ciples of sampling in detail and proves the foregoing to be the 
rational method of procedure. Commercial reasons, however, 
make it necessary for custom works to sample an immense amount 
of western metal in the form of pigs, slabs and anodes. These 
are sampled by drilling holes in sample castings from each car- 
load, according to some fixed mathematical routine, established 
at each plant. Sometimes a set of five bars are taken and one 
hole drilled half way through each, but in different positions. 
The bars are then turned bottom up and drilled half way through 
again so as to bring the holes ‘‘staggering,’”’ or in reverse order. 





Dubai tery 


Se silver 
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Fig. 1. 


In some refineries templets of sheet-metal are made to fit each 
size of casting received. These templet plates are perforated 
with uniform rows of numbered holes, which are used, one on 
each pig, in a fixed system of rotation to secure a good 
average sample of a car-load in spite of the marked segregation 
of precious metals in any individual casting of the copper. 

When refined cakes or bars for rolling are to be tested, it is the 
purity of the clean metal itself that is required, and the surface 
oxides should be accordingly removed before drilling. 

In the case of ingots which are to be placed directly in the pots 
at the brass foundry, the fairest way to sample a lot, is to bore, in 
each of two or three sample ingots, six holes (°/,, inch diameter) half 
way through from the top and then half way from the bottom, 
including the surface oxides, and let the mixed drillings consti- 
tute the sample. This would not hold exactly true, however, 
in the case of very deep, wedge-shaped ingots in which the greater 
part of the weight is contained in the upper half of the vertical 
section. 

The following tests are now made upon the finished metal at 
all large refineries and foundries: I. Mechanical, II. Electrical, 
III. Chemical. The first two are described in a paper presented 
to the Lake Superior Mining Institute,’ and the third, only, is con- 
sidered here. 

Practical men often object to the small scale of laboratory re- 


1 Trans. A. I. M. E., 27, 106 (1897). 
2 Proc. Lake Superior Mining Inst., 7, 68-82 (1901). 
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searches. A valid objection can be made to some of the figures 
taken as standards for the strength, ductility, electrical re- 
sistance and specific gravity of copper. The values, were in most 
cases, deduced from experiments with copper remelted and cast 
from crucibles. Commercial copper, melted under charcoal, is 
nearly deoxidized by the charcoal and does not crystallize like 
that refined in reverberatory furnaces. 

To eliminate this objection, scme determinations of specific 
gravity were made from the native mass copper, the refined prod- 
uct (both cast and rolled) and metal remelted in contact with 
charcoal. 

Copper, deoxidized by melting and cooling under charcoal in 
a charcoal cup, compares, not only in density, but in the large 
size of its crystals, as revealed by the microphotograph, with the 
native mass copper direct from the mines. 

ASSAY OF GOLD AND SILVER. 


At the suggestion of Dr. Le Doux! the ‘‘wet” and ‘“‘all-fire”’ 
methods were discussed by several assayers in the Trans. A. I. 
M. E. for 1894. A later account of the work at the Mint was 
given by Whitehead and Ulke.? Ulke described the ‘‘all-fire”’ 
method in the same form in which the writer employs it. Ten 
samples of 0.1 assay ton are each scorified with 50 grams of lead, 
and the assays are finally combined into two for final cupellation. 
Assayers agree that the results are a little higher in gold than by 
the combination method, which is too well known, also, to need 
explanation. With any copper fairly free from silica and sul- 
phur much time and chance for error may be saved by cupelling 
the gold and silver chloride directly without scorification. The 
details will be found in another paper.* This short-cut method 
is in regular use in at least three American refineries. 

Estimation of Pure Metallic Copper in Commercial Metal.— 
The principle of electrolysis is the only one to be depended upon. 
In the titration methods, usually employed for low-grade mate- 
rial, the margin of difference in the case of refined copper between 
standard and sample is too small, and the liability to appreciable 
error is too great to permit as exact work as the battery assay. 
For the electrolytic assay, 4 to 5 grams of metal is the least 
quanity which will theoretically produce results accurate within 
a limit of error of 0.01 per cent. 

A strong magnet should always be passed through the drillings 
before weighing. Neglect of this precaution has probably been 
the cause of some discrepancies in the results of different lab- 
oratories. 

The electric current for the work can be very easily furnished, 
where a direct current system is used for electric lights, by re- 

1 Trans. A. I. M. E., 1894, 250. 

2 Eng. Min. J., February, 1898, pp. 189, 223, 250. 

8 Trans. A. I. M. E., 31, 484 (1901). 
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ducing the current with a bank of incandescent lamps. All the 
lamps are placed parallel with each other, but the whole bank is 
in series with the electrolytic assays. Where a continuous day 
current is not available, two sets of storage cells are very con- 
venient, with disk rheostats for regulation. 

In other papers' by the writer, a full description is given of the 
assay of pure metal and of copper containing arsenic, antimony, 
selenium and tellurium. Copper will deposit better from a solu- 
tion of dilute sulphuric acid with a little nitric acid than from 
either acid alone. 

In the account of a process recently devised for the direct 
electrolysis of copper, containing traces of antimony, and a heavy 
percentage of arsenic, the saturation of the solution with nitrate 
of ammonia was recommended. I now find it more convenient 
to prepare a saturated stock solution of this salt and to proceed 
as follows: To the solution of 5 grams of the arsenical copper in 
20 cc. of nitric acid add 50 cc. of the saturated solution of am- 
monium nitrate, neutralize the copper solution with ammonia 
till slightly basic and then add 1.0 ce. of strong sulphuric acid, 
or enough to make the liquid slightly acid. Fill up with the 
ammonium nitrate solution until the body of the cylindrical 
platinum electrode is just covered. Loss from spattering is pre- 
vented by split watch-glasses. Current, N.D,,.=0.7 ampere, 
counting both sides of the cathode. As soon as the solution be- 
comes colorless wash down the cover and the walls of the beaker 
with a fine jet, and reduce the current to 0.5 ampere. N.D,..= 
the density in amperes per square centimeter of cathode surface. 

The waste solutions can be preserved and the ammonium nitrate 
recovered by treating the neutralized solution with hydrogen 
sulphide, evaporating to a jelly and re-solution. 

Oxygen.—The estimation of oxygen by solution of the copper 
in neutral nitrate of silver is an uncertain reaction. The well- 
known German authority, Dr. Hampe,? has developed the most 
accurate method, that of ignition of the finely divided material 
in a current of dry, pure hydrogen gas, and the determination 
of the resulting loss of weight of the metal. Archbutt,? Hofmann,’ 
and others have somewhat shortened and improved the process, 
doing away with a preliminary heating or drying in carbonic 
acid gas. 

According to personal experience, however, the apparent loss 
of weight is not all oxygen, and must be corrected for any arsenic 
or sulphur driven off. Any oil is removed from the copper 
filings (or very fine chips) with pure petroleum ether (completely 
volatile below 60° C.), or according to Archbutt with ethyl ether. 

The metal is then carefully dried and transferred to a dried 

1 Trans. A.I. M. E., 27, 390 and 962-970 (1897); This Journal, 26, 1120 (1904). 

2 Fresenius : ‘‘ Quantitative Analysis,”’ B. II, p. 519; Zéschyr. anal. Chem., 13, 202. 


8 Analyst, 25, 253 (1900). 
4 Trans. A. I. M. E., 34, October, 1904. 
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and weighed bulb tube, or to a porcelain crucible, to be enclosed 
within a Shimer combustion apparatus. 

The newer form of apparatus, made by E. H. Sargent & Co., 
Chicago, is even more convenient for a quick approximate igni- 
tion, as the crucible is flanged and clamped, and can be with- 
drawn without disturbing the tube connections. The air is first 
driven out by a current of hydrogen, then the bulb tube is heated 
to a red heat with a flat-flame Bunsen burner for one hour, and 
cooled in the current of hydrogen. The hydrogen is finally re- 
placed by dry air and the tube weighed. The writer absorbs 
the hydrogen sulphide evolved in an ammoniacal solution of cad- 
mium salt and weighs the cadmium sulphide formed. 

Chemists differ somewhat in the means they employ for the 
purification of the hydrogen gas. As investigators on atomic 
weights have recently observed, strong sulphuric acid should not 
be used as a drying agent, since hydrogen has a slight reducing 
action upon it. 

It is best to purify the gases in separate trains of tubes as fol- 
lows: Air train— (1) elevated pressure bottle; (2) concentrated 
sulphuric acid tube; (3) potassium hydroxide solution in absorp- 
tion bulbs; (4) long, gently-inclined tube of concentrated sul- 
phuric acid. Hydrogen train—(1) automatic generator; (2) Lie- 
big tube with saturated solution of mercuric chloride to remove 
hydrocarbons; (3) Potassium hydroxide bulbs; (4) bottle of silver 
nitrate; (5) large tube filled with fused stick potassium hydrox- 
ide cut into small pieces; (6) drying tube of fused, granulated 
calcium chloride. The air and gas ‘‘trains”’ are led to one three- 
way glass stop-cock so that a positive pressure is always main- 
tained at this point (see Fig. 2). 

Beyond the ignition tube is a small bent tube for the partial 
condensation of water, etc., and another three-way stop-cock. 
One tube from the stop-cock leads to a calcium chloride drying 
tube and hydrogen jet, the other to the bottle of cadmium solu- 
tion. The objection to the employment of a crucible apparatus, 
instead of the less convenient bulb tube, lies in the difficulty of 
saving any volatilized arsenic, lead oxide, or sulphur. 








1 
© 
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Fig. 2. 


Sulphur.—The completeness of removal of this harmful ele- 
ment from the copper of commerce depends on the care with which 
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the final rabbling and poling process is carried out. The best 
refined copper contains hardly a trace. It is perhaps not suffi- 
ciently understood, or appreciated, that hot copper absorbs both 
oxygen and sulphurous gases with great avidity when consider- 
ably below the melting-point in the annealing furnace. 

The only rapid and exact method for the estimation of traces 
of sulphur in the refined product which has appeared in print is 
one presented by the writer to the Society in 1895.1 This de- 
pends on the removal of the copper from its solution in pure nitric 
acid by electrolysis. The solution, freed from copper, is gradu- 
ally transferred to a No. 3A casserole and evaporated to dryness 
over an alcohol flame with the addition of a little sodium car- 
bonate to retain the sulphuric acid. The remaining nitric acid 
is removed by two evaporations with hydrochloric acid. If any 
lead sulphate is found on the filters, they are boiled with a little 
sodium carbonate to render the sulphuric acid soluble, and ready 
for precipitation by barium chloride. A blank analysis must 
be performed with the acids and distilled water, which will show 
usually about 1 mg. of barium sulphate. When the copper con- 
tains much sulphur it is necessary to use aqua regia for its solu- 
tion, and remove the hydrochloric acid by subsequent evapora- 
tion with nitric acid. 

Other Foreign Metals in Copper.—In the determination of me- 
tallic impurities we find, among chemists, considerable diverg- 
ence of methods. 

When a complete analysis is to be made, the filtrate from the 
50-gram assay for gold may be taken for the determination of 
the arsenic, antimony and tin group, or for selenium and tellu- 
rium. Technical chemists, as far as I know, employ some modi- 
fication of Dr. Hampe’s? original processes for the separation of 
the bulk of the copper when a complete test is to be made. As 
routine refinery tests are often only partial, the daily practice 
is to determine single elements by special tests. 

Arsenic, Antimony and Tin.—Arsenic may be determined 
by: (A) The Fischer or Lundin? distillation of the copper with 
ferrous sulphate and hydrochloric acid. 

(B) By Aller’s* method, or distillation of the arsenic in hydro- 
chloric acid solution, using an aliquot part (two-fifths) of the 
copper to reduce the solution of the remainder. The arsenic is 
obtained from the distillate, and the material in the flask is then 
evaporated almost to fusion with 75 cc. of a saturated solution 
of zinc chloride to distil off the antimony. The residue is cooled, 
treated with 20 cc. of hydrochloric acid and evaporated again. 
I have no experience with this scheme. 

1 This Journal, 17, 714 (1895); Abstract Eng. Min. /., 1896, p. 202. 

2 J. Soc. Chem. Ind., 1894, p. 421; Fresenius’ ‘‘ Quantitative Analysis,’’ B. II. 

3 Classen: ‘‘ Analysis by Electrolysis.” 

4 Ulke: Eng. Min. J., 78, 727 (1899). 
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(C) Heberlein’s method! removes 98 per cent. of the copper 
from the refined product (or 90 per cent. from the crude) by elec- 
trolysis in a mixture of nitric and sulphuric acids containing 2.5 
grams of ammonium nitrate, as in Hampe’s original method. 
The solution is then treated with hydrogen sulphide, the arsenic 
and antimony separated as sulphides by sodium sulphide, and 
dissolved in hydrochloric acid (2 : 1) by the aid of a little potas- 
sium chlorate. Hydrochloric acid is added until the solution 
contains enough to prevent the precipitation of antimony (3 
acid : 1H,O) and the arsenic precipitated by hydrogen sulphide. 
The liquid, after filtration, is diluted to four times its original 
bulk so that the antimony may be precipitated. 

(D) The Baltimore method for arsenic and antimony depends 
on the separation of impurities by precipitation with ferric sul- 
phate and excess of ammonia. This principle was said to be 
due to Lehman, Mager and Johns, and was also used by Keller. 

I perform this separation as follows: Fifty grams of clean cop- 
per are dissolved in 200 cc. of strong nitric acid and diluted to 
1 liter. If the metal is known to contain less than 0.05 per cent. 
arsenic, add 1.5 grams of crystallized ferrous sulphate (FeSO,+ 
7H,O), or about 1 gram of the anhydrous FeSO,. If the ma- 
terial is rich in arsenic, use 2.5 grams of the crystals. Heat the 
solution to boiling and add strong ammonia until basic salts of 
copper are redissolved. If antimony and bismuth are to be de- 
termined, add (as soon as the ferric hydroxide is down) 0.75 gram 
of ammonium carbonate and a few cubic centimeters of a satu- 
rated solution of sodium phosphate. After three minutes’ boil- 
ing and ten minutes’ settling, in a warm place, pour through a 
15 cm. filter, keeping the solution hot to prevent crystallization. 
Wash two or three times with dilute ammonia (1 : 20) wash the 
precipitate back into the beaker and clean the paper with a 
little dilute sulphuric acid, finally treating it with dilute ammonia. 
Dissolve the iron completely, reprecipitate, filter and wash as 
before. Finally redissolve in dilute sulphuric acid and pass hy- 
drogen sulphide gas, filter and extract the arsenic group with a 
little hot dilute sodium sulphide (sp. gr. 1.1). 

(E) This method consists in separating the arsenic from the 
copper? by methods (D) or (F), and then precipitating the 
arsenic with neutral silver nitrate from a solution of the a7- 
sentate, made neutral (according to the recommendation of 
Canby) with a slight, but permanent, excess of an emulsion of 
zinc oxide. To oxidize a minute amount of arsenic the ferric hy- 
droxide precipitate is ignited, weighed, ground in an agate mortar 
to an impalpable powder, the remainder reweighed and fused with 
8 parts of a mixture of sodium carbonate and potassium nitrate. 
If the arsenic is over 0.05 per cent., precipitation of sulphide is 
safer than any attempt at fusion. 

By experiment with the process, as described,’ using pure ar- 


senic, results below the theory were obtained. By precipitating 
1 Trans. Mas f. M. E., 27, 962 (1897). 
2 Furman’s ‘‘ Manual of Kesaying,.” last edition. 
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the arseniate of silver, however, in presence of an excess of sus- 
pended zinc oxide, stirring vigorously for five minutes to insure 
complete neutralization of the nitric acid set free by the reaction, 
the results have been more satisfactory. 25.0 parts of arsenic 
correspond to 107.93 parts of silver. 

(F) The alternative method of Dr. Hampe,' which involves 
the saturation of the sulphuric acid solution of the copper with 
sulphurous acid gas, and the precipitation of the copper as cuprous 
sulphocyanate is accurate, but requires considerable personal 
attention and tedious manipulation. 

If there is much antimony with the arsenic, Heberlein’s scheme 
of precipitation by hydrogen sulphide in strong hydrochloric acid 
solution is the best for the subsequent separation of the two ele- 
ments. 

I do not think it safe to assume that the copper in crude ma- 
terial can be separated completely from the arsenic and antimony 
by electrolysis, unless a set of conditions which have been proved 
by experiment to give perfect results are rigidly adhered to. A 
large amount of ammonium nitrate will lessen or prevent 
trouble. 

(G) The writer makes use of all the methods outlined, giving 
preference for accurate work to the precipitation with sulphate 
of iron and ammonia. The antimony and arsenic are separated, 
and the arsenic oxidized to arsenic acid for the final precipita- 
tion, (a) by fusing the ferric hydroxide precipitate, or (b) by fil- 
tering the sulphide on an asbestos felt, and dissolving the dry 
arsenious sulphide in red-fuming nitric acid. This acid must be 
full strength or the arsenic will not be completely oxidized. The 
solution is filtered and evaporated on the water-bath with the 
addition of 0.1 gram of sodium carbonate. 

Where much arsenic is present I find that the arsenious sul- 
phide is very apt to retain sulphur, even when precipitated in 
the cold and carefully extracted with absolute alcohol and car- 
bon disulphide, and the sulphide should be redissolved and de- 
termined: (a) As arsenate of silver in the neutral solution of the 
nitrate, as described above under (E). (0) By precipitation as 
magnesium ammonium arsenate in a solution of very small bulk. 
The solution of purified arsenic acid in nitric acid, having been 
evaporated to dryness, the residue is treated with 0.5 cc. of hy- 
drochloric acid, 5 cc. of water and o.1 gram of tartaric acid. The 
solution is filtered, the filter washed with a very little water, 
made alkaline with ammonia and made up to to cc. in volume. 
It is then cooled, 3 cc. of magnesia mixture (Fresenius’ formula) 
and 7 cc. of strong ammonia added and the solution stirred for 
five minutes, and allowed to settle over night. 

The foregoing details apply to the precipitate obtained from 
a 50-gram sample of metal containing less than o.1 per cent. of 

1 J. Soc. Chem. Ind., 1894, p. 421; Fresenius’ ‘‘ Quantitative Analysis,”’ B ITI. 
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arsenic. If richer than this percentage, increase the volume of 
solution and the reagents one-half. Always test the filtrate for 
complete precipitation. Dry the precipitate and carefully char 
the small filter separately by repeated gentle heat and moisten- 
ing with a saturated acid solution of ammonium nitrate. 

If tin is present, it may be separated from antimony by a modi- 
fication of F. W. Clarke’s method! of precipitation by hydrogen 
sulphide gas in a hot solution, saturated with oxalic acid. The 
volume of the solution should not be over 25 to 50 cc. 

Antimony sulphide is ignited in a porcelain crucible to the 
tetroxide. 

Selenium and Tellurium.—These elements are usually deter- 
mined in a separate sample by the method of Edward Keller.? 
The impurities are separated by precipitation with ferric hy- 
droxide, which must be in large excess, and the selenium and 
tellurium are finally precipitated from a hydrochloric acid solu- 
tion with sulphurous acid gas. Where a separation of the two 
is not desired, it is quicker and more convenient to precipitate 
them by stannous chloride. It is most accurate to filter and dry 
the selenium or tellurium on thin felts of the best asbestos, and, 
after weighing them, to ignite and determine the elements by 
loss as a check. Dr. H. F. Kellar? has recommended hydroxyl- 
amine as a precipitant. 

Lead, Iron, Zinc, Nickel and Cobalt-——The bulk of the copper 
is removed by electrolysis and any deposit of lead peroxide on 
the anode is weighed. Fifty grams of copper are dissolved by 
a mixture of 50 cc. strong nitric acid, 80 cc. of sulphuric acid 
and 400 cc. of water. The solution is diluted with 600 cc. of 
water and the copper is precipitated on a large platinum cylinder, 
which may, with advantage, be perforated with narrow slits, as 
recommended by Heberlein. With a fixed anode the copper is 
deposited in about twenty hours, using a cathode 11 x 11 ecm. 
and a current of 3 amperes. With a rotating anode (at 600 to 
1000 revolutions per minute) the copper can be deposited in nine 
hours. 

The following design for a rotating anode has been found satis- 
factory for use with platinum cylinders. A straight, stiff wire 
is bent back and forth at one end. A disc, the size of a quarter 
of a dollar, is cut from a sheet and is slit on radial lines to form 
ten propeller blades, and a small hole bored in the center through 
which the bent end of the wire is passed and clamped by pressure. 
This is revolved to generate downward pressure, which takes the 
weight off the spindle and greatly lessens the friction. 


When the copper is deposited the solution is concentrated, 


1 Fresenius’ ‘“‘ Quantitative Analysis,” 6th group separations. 
2 This Journal, 22, 242 (1900). 
J. Frank. Inst., July, 1894; This Journal, 16, 785 (1894). 
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transferred gradually to a small casserole and evaporated to 
fumes to remove the free sulphuric acid and most 
of the ammonium salts. The residue is dissolved 
in water and any lead sulphate and silica are 
filtered off and saved. Hydrogen sulphide is then 
passed through the acid solution, the precipitate 
filtered off and washed with hydrogen sulphide. 
The precipitate is extracted with a little dilute 
hot sodium sulphide and the residue is combined 
with the other precipitates containing lead for the 
Fig.3. Separation of that element as sulphate. 
The main solution (volume=30 to 50 cc.) is oxidized and the 
iron precipitated with ammonia. 

The filtrate is acidified with acetic acid and one-fifth its vol- 
ume of glacial acetic acid added. The zinc is then precipitated 
in the cold by hydrogen sulphide, and ignited and weighed as 
oxide. A trace of lead may make its appearance here. Formic 
acid (sp. gr. 1.2) is even better than acetic acid. 

After removal of the acetic acid by evaporation, or if this is not 
convenient, after neutralization, the solution is heated to boiling 
and the cobalt and nickel precipitated by hydrogen sulphide. 

The cobalt and nickel are separated in a small volume of solu- 
tion by the potassium nitrite method, and after re-solution in 
sulphuric acid the metals are deposited from an ammoniacal 
solution by electrolysis. 

Manganese.—This element is rarely present in refined copper. 
It would appear on the anode during electrolysis and could be 
weighed. 

Bismuth.—A trace of this element is generally determined by 
a special method’ unless it has been separated with the arsenic 
and antimony by precipitation with ferric hydroxide. It is usu- 
ally estimated by adding excess of ammonia and some ammo- 
nium carbonate to the solution of 50 gramsof metal and boiling. 
A little iron should be present. The precipitate is filtered off 
and purified from copper by repeated precipitation. The bis- 
muth is then thrown down as sulphide and may be purified from 
a trace of copper by the well-known treatment with a little po- 
tassium cyanide. It can finally be weighed as oxide, or estimated 
by a color test. 

To secure accurate and trustworthy results in copper analysis 
it is necessary not only to be very careful in manipulation, but 
to carry through blank analyses with all the reagents. 

Even the distilled water will frequently show a trace of tin de- 
rived from the still in which it was condensed. 


CALUMET AND HECLA SMELTING WORKS, 
HUBBELL, MICH., December 23, 1904. 


1 F. B. Stone: /. Soc. Chem. Ind., 6, 416; J. Anal, Chem., 1887, p. 411. 
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NEW BOOKS. 
THE SCHOOL CHEMISTRY. By Etroy M. AvERY. New York: The 
American Book Co. 1904. 423 pp. 

This book resembles most text-books of chemistry in giving 
an account of the elementary principles and a selection of the 
facts of the science all arranged more or less from the point of 
view of the chemist. It is a question whether this prevailing 
fashion is a good one and whether it is pedagogically the best 
method of presenting the subject to a pupil who is not yet con- 
versant with the scientific method. If, however, this is assumed 
to be the most appropriate form for a high-school text-book, the 
present work fulfils its purpose on the whole very well. The facts 
and principles are given clearly and are copiously illustrated by 
well-chosen experiments. The book is commendably free from 
errors. On page 1o the statement that gravitation is a form of 
energy, when it is really only one of the factors of certain kinds 
of energy, will confuse pupils who have already been led, with 
difficulty, to grasp the difference between force and energy in 
their study of physics. The author seems to suffer from an ob- 
session, which used to be epidemic among writers of text-books, 
to the effect that the description of molecules and atoms must 
precede that of the facts which led to their invention. In one or 
two instances he even speaks as if facts were ascertained by 
reasoning based on these conceptions. Thus (page 17) he deduces 
the law of conservation of mass from the premises that every 
atom has a definite weight and that in chemical change the atoms 
are simply rearranged, instead of reasoning conversely. Again 
(page 77) the law of multiple proportions is stated to result from 
the definition of an atom. To use this book successfully, the 
teacher should realize more clearly than does the author that 
chemistry is an inductive science. A & 
THE NEW REQUIREMENTS IN CHEMISTRY FOR JUNIOR MATRICULATION 

AND FOR THE DEPARTMENTAL EXAMINATIONS OF THE PROVINCE OF 
ONTARIO. By W. LASH MILLER, Associate Professor of Physical 
Chemistry in the University of Toronto. Issued by the authority of the 
University. Boards, 68 pp. Price, 25 cts., from the Librarian of the 
University of Toronto. 

In his preface the author states that ‘‘In the new ‘Regulations 
of the Education Department of the Province of Ontario’ the 
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work formerly prescribed under ‘Chemistry of the Lower School’ 
has been changed by the omission of ‘The Atomic Theory and 
Molecular Theory’ and the insertion of ‘Mixtures, solutions, 
chemical compounds, elements, combining weights, chemical 
formulae and equations, with easy numerical examples,’ while to 
the ‘Chemistry of the Upper School’ there has been added ‘Chem- 
ical and physical reactions, rates of reactions, reversible reactions 
and chemical equilibrium.’’”’ The book is intended for use in 
connection with some standard text-book of chemistry. It is a 
fairly consistent attempt to present the fundamental conceptions 
of chemical science without the aid of the atomic theory. Such 
an attempt is certainly very useful in counteracting the too com- 
mon tendency to attach an undue value to theories. It is ques- 
tionable, however, if the author does not go too far when, in de- 
fending the point of view that no ‘‘explanation”’ of the phenomena 
of nature is required, he says, ‘‘When a stone falls to the ground, 
no one wonders.”” In the opinion of the reviewer many scientific 
men do wonder at the phenomena of gravitation and consider that 
there is here a still unsolved problem, nor do they despair of its 
final solution. Again, when he says, ‘‘The atomic hypothesis 
has not been so fruitful as was expected in opening up new fields 
of research,”’ one can not help wondering if the writer really be- 
lieves that chemistry could have attained its present position 
without the aid of the atomic hypothesis to guide the workers 
of the past century. It is noticeable that the subject of valence 
is not discussed. It would be interesing to see an attempt to 
teach organic chemistry from the standpoint of the book. 

But while, in the opinion of the reviewer, the method of the 
writer is extreme and fails to use the only means by which it is 
now possible to present all of the facts of chemistry in their logi- 
cal relationships, the little book is well worth careful reading by 
teachers cf chemistry. W. ALN. 
QUANTITATIVE CHEMICAL ANALYSIS. By J. C. OLSEN, A.M., PH.D., Pro- 

fessor of Analytical Chemistry in the Polytechnic Institute of Brooklyn. 
New York: D. VanNostrand Co. Illustrated. 513pp. Price, $4.00 
net. 

Beyond the introduction in which the author discusses quanti- 
tative analysis and the personal qualities essential to the ana- 
lytical chemist, the book is made up as follows: The Balance, 
General Determinations, Determination of Water, Determination 
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of Metals as Oxides and as Compounds, Determination of Acids, 
Analysis of Alloys, Analysis of Minerals, Electrolytic Methods, 
Volumetric Analysis, Oxidation and Reduction Methods, Precipi- 
tation Methods, Technical Analysis (a) Iron, Steel, Coal, (0) 
Water Analysis, (c) Oils and Fats, (d) Gas Analysis, Stoichiome- 
try, Appendix. 

In this book the theory and practice of quantitative analysis 
are well and completely presented—the practical side by seventy- 
two laboratory exercises which begin with work with the balance 
and lead up through simple determinations in pure salts to the more 
difficult separations and determinations met with in the analysis of 
alloys, minerals, etc. 

Teachers of quantitative analysis will find the work well 
adapted to the needs of either beginning or advanced students 
and will appreciate the care with which details are given and the 
reasons for the various manipulations explained. Students who 
follow the suggestions of the author should make rapid advance- 
ment in speed and accuracy of work. Technical chemists, who 
lack proper training in stoichiometry, will find the presentation 
of this subject extremely clear and complete. They will also 
find that the choice of technical methods of analysis is excellent 
and includes those most commonly used. 

The notes on the purity of reagents and the preparation of so- 
lutions of reagents according to the normal system are to be 
commended. 

The text covers so wide a field that it will take the place, for 
ordinary reference, of a considerable number of standard works 
on the various departments of quantitative analysis. It is by 
far the best book on this subject that the reviewer has seen. 

We would suggest a change in method of analysis of dolo- 
mite to conform more nearly to the method for the analysis of 
limestones, etc., suggested by the Committee on Uniformity in 
the analysis of Materials for the Portland Cement Industry; the 
use of a-naphthylamine acetate instead of naphthylamine hydro- 
chloride in the determination of nitrites in potable water, and 
the introduction of a method for the determination of dissolved 
oxygen in the chapter on water analysis. Such directions as the 
following are open to serious objection—‘‘press the platinum 
crucible between the thumb and finger to loosen the fused mass” 
and ‘‘while still red-hot the crucible is seized with a pair of for- 
ceps and placed in a desiccator.” B. S. CUSHMAN. 
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TEXT-BOOK OF ORGANIC CHEMISTRY. By HENRY LEFFMANN, A.M., M.D., 
AND CHARLES H. LAWALL, PH.G. Philadelphia: P. Blakiston‘s Son 
& Co. 1904. 231 pp. Price, $1.00. 

‘*This book is offered as an aid to the study of organic chem- 
istry in connection with general and professional colleges.’’ As 
the authors are of the opinion that certain descriptive topics do 
not receive in the smaller text-books the attention they deserve, 
they have emphasized such topics, and have given very readable 
chapters on such subjects as enzymes, purines, alkaloids, proteids, 
etc. To do this and still keep the size of the book small, they 
have sacrificed the theoretical side of the science. The book is 
entirely descriptive: it treats of organic chemistry with all the 
science left out. Very elaborate structural formulae of many 
compounds are given, to be sure, but there is no statement, as 
far as the reviewer can find, of the methods of determining struc- 
ture even in the simplest cases. Many of the most elementary 
synthetic methods are omitted, e. g., no general method for the 
preparation of the hydrocarbons of the fatty series is given. 
Even the most important reactions of the diazo compounds are 
not described. 

Some of the statements in the book are far from clear and some 
are inaccurate. This criticism applies especially to the consider- 
ation of such subjects as fractional distillation, molecular weight 
determination, and valence. 

Experiments are introduced, the chemistry of which cannot 
be understood from the descriptive matter given in the text. 

The book contains some mistakes, e. g., the definition for proof- 
spirit is not that used in the United States. The proof-reading 
has been carelessly done. Mistakes in the structural formulae of 
the following have been noted: Cyanogen, isocyanogen, pro- 
penyl, salicin, saccharin, and diazo-benzene (benzene diazonium) 
sulphate. The authors have expressed themselves at times in a 
careless and obscure manner, e. g., page 67, ‘‘a compound ether or 
ester is the replacement of the hydrogen of an acid by one or more 
molecules of a hydrocarbon.”’ 

On the descriptive side of the science the book is unusually 
complete for one of its size. Many compounds of interest to the 
physician, pharmacist, and student of the chemistry of foods, 
which are not to be found in the text-books, are described. The 
book will be helpful to those teachers who wish to bring before 








NEW BOOKS. 323 


their classes simply the facts of organic chemistry, and desire on 

the part of their students a knowledge rather of the properties 

of certain useful compounds than of the principles of the science. 
James F. Norris. 


THE PHASE RULE AND ITS APPLICATION. By ALEX. FINDLAY, with an 
Introduction to the Study of Physical Chemistry by SiR WILLIAM 
Ramsay. New York: Longmans, Green & Co. Ixiv and 313 pp. 
Price, $1.25 net. 

This is the first volume of the series of text-books on physical 
chemistry edited by Sir William Ramsay, of which the book on 
‘‘Electro-chemistry’’ by R. A. Lehfeldt has already been reviewed 
in this Journal (27, 80.) 

In the introduction (xlvii pages) which is also for sale separately 
($0.25), Sir William Ramsay gives a very interesting historical 
review of the development of physical chemistry and a brief dis- 
cussion of many future problems. The author has divided the 
main work into the following chapters: I. Introduction; I. The 
Phase Rule; III. Typical Systems of One Component; IV. Gen- 
eral Summary; V. Systems of Two Components—Phenomena of 
Dissociation; VI. Solutions; VII. Solutions of Solids in Liquids, 
only One of the Components being Volatile: A. Anhydrous Salt 
and Water; VIII. B. Hydrated Salt and Water; IX. Equilibria 
between Two Volatile Components; X. Solid Solutions; Mixed 
Crystals; XI. Equilibrium between Dynamic Isomerides; XII. 
Summary. Application of the Phase Rule to the Study of Sys- 
tems of Two Components; XIII. Systems of Three Components; 
XIV. Solutions of Liquidsin Liquids; XV. Presence of Solid Phases ; 
XVI. Isothermal Curves and the Space Model; XVII. Systems of 
Four Components. In an Appendix are treated the methods for 
the experimental determination of the transition point. 

In the opinion of the reviewer this book is a remarkably good 
one, for the author has performed his task in a very satisfactory 
manner. As can be seen from the short list of the contents, 
nearly all important problems relating to the phase rule have 
been taken up, and the different topics are treated with much 
thoroughness and with conciseness, so that any student or worker 
in another branch of chemistry will derive great advantage from 
the study of this book. The work might be improved in some 
matters of detail (for instance, it would be desirable to give also 
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the molal composition of the cryohydrates on page 116), but they 
are not of such importance as to lessen the value of the book, 
W. BOTTGER. 
GRUNDZUGE DER SIDEROLOGIE. VON HANNS FREIHERR VON JUPTNER, 
Professor an der K. K. technischen Hochschule in Wien. Dritter Teil, 
zweite Abtheilung : Die hiittenmannischen Prozesse. 1904. Leipzig: 
Verlag von Arthur Felix. xi-+ 274 pp. Price, 9 marks. 

That a book so comprehensive, so thorough, so modern in its 
views, should have been completed in so short a time is remark- 
able. All metallurgists and scientists interested in the proper- 
ties of iron will welcome its completion, not only as a valuable 
reference book, but for the clear exposition of the whole subject. 
The application of the laws of physical chemistry to the iron and 
steel problems by one so competent to deal with the subject is 
a great step forward in industrial science. 

The present volume completes the work on Siderologie, the pre- 
vious parts of which have been reviewed in these columns. It 
treats of the thermal and chemical reactions of the blast-furnace; 
the production of malleable and puddled iron; and the various 
steel processes. HENRY Fay. 
THE BECQUEREL RAYS AND THE PROPERTIES OF RADIUM. By Hon. R. J. 

STRUTT, Fellow of Trinity College, Cambridge. London: Edward 
Arnold. 1904. 214 pp. Price, 8s. 6d, net. 

In response to the general demand for information regarding 
radioactivity, a large number of treatises have appeared, but 
knowledge has increased so rapidly that many of these books 
now fail to adequately represent the present status of the subject. 
This work brings the subject up to about the middle of the year 
1904. The author, who has himself made valuable contributions 
to our knowledge of radioactivity, has, in this case, written for 
the general reader. He has entirely avoided mathematical treat- 
ment and has assumed but the minimum of scientific attainment 
on the part of the reader. Nevertheless the book is thoroughly 
scientific and the statements are, in general, as rigid and accurate 
as non-mathematical language will allow. There are no refer- 
ences to the original literature. The first chapter deals with the 
electric discharge in high vacua and the properties of the cathode 
rays. The next six chapters treat of the most important phenom- 
ena of radioactive substances, including also the earth, air and 
common bodies. The final chapter considers the electrical theory 
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of the structure of the atom. One of the appendices gives ex- 
plicit directions for the carrying out of a number of radioactivity 
experiments. The book is clear and well balanced, and the errors 
are few and unimportant. It can be warmly recommended to 
all who wish a good account of the present state of knowledge of 
the main facts and theories of radioactivity. 

HERBERT N. McCoy. 


A TREATISE ON ROCKS, ROCK-WEATHERING AND SOILS. BY GEORGE P. 
MERRILL. 8vo., 411 pp. New York: The Macmillan Co. 1897; re- 
printed, 1904. Price, $4.00. 

This book is particularly important and interesting in its treat- 
ment of the degeneration of rocks and the formation of soils. 
The rock-forming minerals and the rocks themselves are discussed 
somewhat briefly, but with sufficient fullness to form a satis- 
factory introduction to the main topic. Rock-weathering, in its 
chemical and physical aspects, is very carefully treated, while 
the final products—the soils—are discussed in respect to their 
origin, chemical composition, and physical condition. The work 
is not merely one of compilation, for the author has frequently 
drawn conclusions from the results of his own analyses of material 
collected by himself. H. L. WELLS. 
ANNUAIRE POUR IL’AN 1905. Published by the Bureau of Longitudes. 

Paris: Gauthier-Villars. 1904. 16mo. 669+ 114 pp. Price, rfr. 50c. 

Beginning with the volume preceding this, the plan was adopted 
of publishing each alternate year in the annuaire, in addition to 
the usual almanac, physico-chemical data and geographic-statis- 
tical information. The annuaire before us is one of the off-year 
type, from the chemist’s standpoint, and contains, therefore, 
nothing of especial interest to chemists. J. W. R. 
THE EXAMINATION OF WATERS AND WATER SUPPLIES. By J. C. THRESH. 

Philadelphia : P. Blakiston’s Son & Co. 460pp. Price, $4.00. 

Directly upon opening the book the reader notes the stress laid 
upon the importance of what in this country we call the ‘‘sanitary 
survey.” Intelligent comment upon this feature of water exam- 
ination is very timely, considering how many people still believe 
that the data, whereupon to judge of the character of a water, are 
to be secured in the laboratory alone. 

To illustrate the statements in the text, numerous instances 
are given of actual cases of pollution, and the examples taken 
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from the author’s professional experience give the book much 
practical value. 

That portion devoted to chemical examination does not contain 
new material, and some of the methods would not find favor here, 
For instance ‘‘Turbidity”’ and ‘‘color” are indifferently treated, 
but that defect is accounted for by the fact that those items are 
by no means so important in England as they are in America. 
Under the ammonia process the author uses but 250 cc. of water 
for distillation, a volume not commonly employed. The bacte- 
riological side of water examination is well discussed, and many 
i pages given to what may be termed an index of fecal pollution. 

The chapter on microscopical examination is illustrated by 
eighteen full-page plates. 

The book is certainly valuable and will be of service to all in- 
terested in water supply. W. P. Mason. 


















THE SUPPRESSION OF TUBERCULOSIS, TOGETHER WITH OBSERVATIONS Con- 
CERNING PHTHISIOGENESIS IN MAN AND ANIMALS, AND SUGGESTIONS 
CONCERNING THE HYGIENE OF COW STABLES AND THE PRODUCTION i 
OF MILK FOR INFANT FEEDING, WITH SPECIAL REFERENCE TO TUBER- 
CULOSIS. By PRorF. E. VON BEHRING, University of Marburg. Author- 
ized translation by CHARLES BOLDUAN, M.D. New York: John Wiley 
& Sons. London: Chapman & Hall, Limited. 1904. 12mo. v+ 
85 pp. Price, cloth, $1.00. 















THIs is a translation into English of several selected articles 
by von Behring. The principal one is the noted lecture deliv- 
ered by von Behring in Cassel in 1903. The articles in the Ger- 
man tongue are quite difficult of translation by English-speaking 
persons and even some Germans speak of the difficulty of getting 
at the gist of these very articles. Therefore, Dr. Bolduan is to 
be congratulated on having succeeded in making such an admir- 
able, clear and concise translation of von Behring’s views on this 
most important of diseases—the great White Plague. The 
articles are of the utmost value to every one in that they clearly 
give, from a high authority, scientific proofs of the transmission 
and methods for the suppression of the disease. J.M. 































CORRECTION. 

In the review of the ‘‘ Recent Development of Physical Sci- 
ence,’’? by William Cecil Dampier Whetham, on page 168 of the 
February issue, the name of the reviewer, Edward W. Morley, 
was accidentally omitted. 










